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LEGUMES OF ALASKA: ASTRAGALUS L.1
Stanley L. We 1sh 
ABSTRACT. The paper presents a revision of Astragalus
in Alaska and adjacent Canada. Fourteen species are 
recognized. The treatment includes keys, descriptions, 
synonymy and critical discussion. New combinations: 
Astragalus  adsurgens  ssp. viciifolius  (Hutten) Welsh; 
Astragalus  adsurgens  ssp, robustior  (Hook.) Welsh. 
The Alaskan representatives of the genus Astragalus have been most 
recently treated by Anderson (1947) and Hulten (1946). Since this time, 
intensive botanical exploration, especially in northern Alaska, has added 
numerous additional specimens. New taxa have been described and the 
relationships of many species have been clarified. The present paper 
presents a revision of Astragalus in Alaska and adjacent Canada on the 
basis of this new material, and upon a broader understanding of the genus 
as a whole. 
In addition to specimens in the Anderson Alaskan collection at Iowa 
State University, material borrowed from several institutions as desig-
nated below was studied. Specimens of the subject species throughout 
their range in North America were examined. Because of space Limita-
tions, a complete List of specimens for all species was not possible. A 
complete list of specimens cited is available from the author. 
ALA University of Alaska 
BRY Brigham Young University 
COLD University of Colorado 
DS Stanford University 
GH Gray Herbarium 
ISC Iowa State University 
MO Missouri Botanical Garden 
NY New York Botanical Garden 
RIM Rimouski, Quebec 
US U.S. National Museum 
The writer has not had an opportunity to visit Alaska. However, he 
has studied, in the field, six of the fourteen species herein treated. 
The work is preliminary in certain aspects. Infraspecific taxa have 
not been considered except where the recognition of such is obvious. 
Some species should probably be segregated into several infraspecific 
categories but extensive field work is necessary before decisions can be 
made. At this stage, the writer has attempted primarily to outline the 
problems. 
1 Journal Paper No. J-4488 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1073. 
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Data as to flower -color, stature, habitat, and flowering time were 
.obtained from information reco"rded on specimen Labels. 
Original descriptions of aL1 species have been examined. Type speci-
mens were studied where feasible. The names whose application has 
been verified by reference to a type are indicated by an asterisk. 
The writer wishes to acknowledge the use of the facilities of the Iowa 
State University Herbarium. He received support from the Industrial 
Science Research Institute at Iowa State University and from a Brigham 
Young University Research Fund Grant. He is also indebted to the cura-
tors of the herbaria listed above for the Loan of specimens. 
ASTRAGALUS L. 
Astragalus L. Sp. PL. 755. 1753 
Phaca L. Sp. P1. 755. 1753 
Tium Medic. Vorles Kurpfalz. Physik.-Oekon. Ges. 2:373. 1787. 
Colutea, sensu Poit. ex Lam. , Encyc. Supp1. 1:561. 1810. pro parte. 
Evrum, sensu Pursh F1. Am. Sept. 739. 1814. pro parte. 
Orobus, sensu Nutt. Gen. 2:95. 1818. pro parte. 
Physondra Raf. Att. Jour. 1:145. 1832. 
Homolobus Nutt. ex T. and G., Fl. N. Am. 1:350. 1838. 
Oxytropis, sensu Seem. Narr. Voy. Herald 2:24. 1852. pro parte. 
Tragacantha Kuntze Rev. Gen. 2:942. 1891. 
Atetophragma Rydb. Bu11. Torrey Club 32:660. 1905. 
Gynophoraria Rydb. N. Am. Fl. 24:280. 1929. 
Plants herbaceous, perennial, caulescent, ascending to erect, decum-
bent, or prostrate. Stipules connate or free, ovate to lanceolate, or 
triangular. Leaves alternate, odd-pinnate, 5-plurifoliolate; leaflets 
opposite or scattered, entire. Racemes axiilary, pedunculate, elongate 
or spikelike or congested and subcapitate. Flowers papilionaceous, the 
keel lacking a beak. Stamens diadeLphous. Calyx cylindric to campanu-
late, 5-toothed. Pods sessile or stipitate, straight or curved, variously 
compressed or inflated, papery, Leathery, or woody, dehiscent or inde-
hiscent, glabrous or hairy, 1-ioculed, partially 2-lo cu Led or completely 
2-Locutes by the intrusion of the dorsal (iower~ suture; both sutures 
prominent or the dorsal suture sulcate or both sutures sulcate. 
The Astragali of Alaska represent only a smatt fraction of a huge 
genus which may contain more than 1200 species. The genus has reached 
its greatest development in the arid, warm to temperate regions of the 
Northern Hemisphere. In North America, the greatest number of species 
is in the southwestern part of the United States. Those which inhabit 
Alaska in large part represent boreal and Arctic forms of wide distribu-
tion. Three species appear to be restricted to Alaska, or are present in 
Alaska and in the Yukon Territories. 
Astragalus, with its diversity of forms, has been divided into many 
segregates by various authors. The most recent and comprehensive 
segregation is that of Rydberg (1929. More recent authors have retained 
all of the segregates in the genus Astragalus, usually recognizing them 
as sections. 
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Most previous investigators have placed emphasis on the pods of 
Astragalus;  both in establishing systems of classification and in keys 
for identification. The present treatment emphasizes the vegetative and 
floral features, and as far as possible these characters have been em-
ployed as major diagnostic criteria, particularly in the key. 
Key to the Species of Astragalus
1. Calyx cylindric, the tube more than 5 mm in Length (occasionally 
to 4 mm in A. polaris.
Z. Plants with malpighian hairs; pods erect, strigose. A. adsurgens
2. Plants with simple hairs; pods spreading or reflexed, 
if erect, then villous. 
3. Stipules foliose; flowers usually yellowish; pods stipitate, 
pendulous. A. umbeLLatus
3. Stipules not foliose; flowers usually some shade of pink-
purpLe; pods sessile or substipitate, erect or spreading. 
4. Racemes 1-3-flowered (rarely 5-flowered); pods 
spreading, greatly inflated at maturity, minutely 
strigose. A. polaris
4. Racemes several -flowered; pods erect, not inflated 
at maturity, villous. A. dasygLottis
1. Calyx campanulate; tube less than 4 mm in length. 
5. Stipules reflexed, foliose; plants glabrous or nearly so. 
A. americanus 
5. Stipules erect, not foliose; plants pubescent. 
6. Racemes 1 -3-flowered (rarely 5-fLowered~. 
7. Pods and ovaries substipitate; pods greatly inflated 
at maturity. A. polaris
7. Pods or ovaries distinctly stipitate; pods not greatly 
inflated, falcate at maturity. A, nutzotinensis
6. Racemes 5- to many-flowered. 
8. Pods and ovaries glabrous (rarely strigose in A. australis~.
9. Leaflets 9-15; pods 18-33 mm long. A. australis
9. Leaflets 15-21 ; pods 1 Z-18 mm long. A, tenellus
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8. Pods and ovaries pubescent. 
10. Pods and ovaries sessile or sub sessile (the stipe less 
than 2 mm long. 
11. Flowers 6-9 mm long; pods pilose (usually black). 
A, eucosmus 
11. Flowers 8-15 mm long; pods strigose. 
12. Flowers 8-11 mm long; pods 6-9 mm Long; 
plants prostrate. A. bodinii
12. Flowers 12-15 mm tong; pods 9-15 mm tong; 
plants erect or ascending. A, wiiliamsii
10. Pods and ovaries stipitate (stipe exceeding 2 mm in length). 
13. Leaflets 17-25; pods pendulous. A, alpinus
13. Leaflets 9-15; pods spreading. 
14. Leaflets mottled above (minutely punctate~; pods 
black-pilose. A. harringtonii
14. Leaflets not mottled above (smooth; pods strigose. 
A. robbinsii 
Astragalus adsurgens Pallas (Map 1, Plate I) 
Astragalus adsurgens Pallas, Astrag. 40. 1800. 
Astragalus laxmanni, sensu Nutt. Gen. 2:99. 1818. 
non A. laxamanni Jacq. 1776. 
Astragalus adsurgens (3 robustior Hook. Fl. Bor. Am. 1:149. 1834. 
Astragalus striatus  Nutt. ex T. and G. , Fl. N. Am. 1 :330. 1838. 
Astragalus adsurgens var. pauperculus  Blankin. Mont. Agr. Coll. 
Stud. 1 :72. 1905. 
Astragalus adsurgens var. albiflorus Blankin. Mont. Agr. Co1L. 
Stud . 1 :71 . 190 5 . 
Phaca adsurgens, sensu Piper Contr. U.S. Nat. Herb. 11:372. 1906. 
Astragalus chandonnetii Lunell Am. Midl. Nat. 2:127. 1911. 
Astragalus nitidus var. robustior (Hook.) M.E. Jones Rev. Astrag. 
170. 1923. 
Astragalus viciifolius Hult. Arkiv. Bot. 33B, no. 1:1. Fig. 1. 1946. 
non _A . viciaefolius DC. 
Astragalus tananaicus Hult. Lund Univ. Arssk. N.F. Aud. 2, Bd.46. 
no. 1 :1763. 1950. 
Astragalus striatus  f. chandonnetii (Lunell) Moore Rhodora 59:8. 
1957. - 
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Stems 10-40 cm long, decumbent to erect, several to many from a 
caudex, strigose with malpighian hairs. Stipules 5-10 mm Long, charta-
ceous, connate-clasping, the free ends Lanceolate to triangular-subuLate, 
strigose on the dorsal surface. Leaves 6-12 cm long; Leaflets 11-17, 
15-30 mm long, 2-6 mm wide, oblong to eLLip,~ic, acute or obtuse, stri-
gose throughout with malpighian hairs. Peduncles 6-10 cm Long, equaling 
or shorter than the subtending Leaves. Bracts ovate-lanceolate, longer 
than the pediceis. Racemes 1-4 cm long, few- to several -f Lowered, 
subcapitate. Flowers 12-15 mm Long, ascending, purplish or occasion-
ally yellowish. Calyx short -cylindric, strigose with dark and light hairs; 
tube 5-6 mm long, teeth 0.8-1.5 mm Long, triangular. Pods 7-10 mm 
long, substipitate (stipe to 1.5 mm Long), sulcate on the lower (dorsal) 
suture, bilocuLar or nearly so, erect, strigose. 
Barneby (personal communication, 1960) has compared American 
material with that of the Eurasian A, adsurgens and b elieves they. should 
be considered conspecific. The use of the name "adsurgens" is not . 
without precedent. Hooker (1834) identified our plants as A, adsurgens,
and the name became well established in the Literature of North Ameri-
can botany. It was subsequently replaced by a series of binomials by 
various American authors. Most recently it has been known as A. 
striatus  Nutt. 
Hulten (1946) gave Alaskan populations the name of A_. viciifolius
(later replaced by the epithet A, tananaicus, there already being an A. 
viciaefolius). In the original description, A_. viciifolius is compared 
with _A. agrestis  (treated herein as A, dasyglottis) from which it differs 
in numerous traits. No statement is included which leads one to believe 
that Hulten was familiar with A_. adsurgens. Had A, viciifolius been 
compared with A. adsurgens, the similarities would have been. apparent. 
North American specimens of _A. adsurgens can be segregated into 
two subspecies on geographical and morphological grounds. Alaskan 
specimens can be distinguished from those present in western North 
America by the following key: 
Calyx teeth 0. 5-I , 5 (2) mm long, pods substipitate (stipe to 
1.5 mm Long); Alaska A. adsurgens ssp. viciifolius
Calyx teeth 2-4 mm long; pods sessile or nearly so; western 
North America A. adsurgens ssp. robustior
New combinations are required for the above names. These are: 
Astragalus adsurgens ssp. viciifolius (Hulten) Welsh comb, nov. 
A. viciifolius Hulten Arkiv. Bot. 338, no. 1:1. Fig.I. 1946. 
Astragalus adsurgens ssp. robustior (Hook.) Welsh stat. rov. 
A. adsurgens (3 robustior Hook. FL. Bor. Am. 1:149. 1834. 
Plants of ssp. viciifolius flower from late June to late July. They 
have been collected largely in sandy or gravelly soil: gravel bars, 
moraines, or roadsides. 
Ledingham (1960) has reported the somatic chromosome number of 
2n = 32 for A, viciifolius.
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I cm 
Plate I. Astragalus adsurgens. 
Specimen citations: 
Alaska: Alaska Hwy. ;mile 1247, J.P. Anderson 9188, July 17, 1944 
(Paratype A. viciifolius, ISC). Alaska Range District; 63°20' N 145°40' 
W, L. and T. Viereck 2140, July 16-17, 1957 (COLO). Big Delta Region; 
Buffalo Range, J.W. Warwick 31 (ISC). Fairbanks; Gate Rd. 1 i  miles 
east, G. Smith 1915, Juiy 17, 1953 (DS). Mt. McKinley National Park; 
63° 24' N 150° 32' W, L.A. Viereck 1779, Aug. 12-16, 1956 (COLO). 
Richardson Highway; 138 miles south of Fairbanks, E. Scammon 4223, 
June 27-29, 1947 (US); Rapids, mile 233, J.P. Anderson 2204, July 11, 
1935 (Isotype A. viciifolius, ISC); mile 249; J.P. Anderson 10866, July 
26, 1948 (ISC). Toklat River; F.A. Warren W-2165, Juiy 16, 1949 (US). 
Northwest Territories; (author's note: the Yellowknife specimens 
belong to ssp. robustior) Yellowknife, W. J. Cody 2663, July 15, 1949 
(MO); do 3204, Aug. 2, 1949 (COLD). 
Yukon Territory; Lewes River, A.E. Porsild and A.J. Brietung 10686, 
July 28-29, 1944 (US). 
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Astragalus alpinus L. (Map 2, Plate II) 
Astragalus alpinus L. Sp. PL. 760. 1753. 
Phaca astragalina  DG. Astrag. 64. 1802. 
Colutea astragaLina (DC.) Poir, ex Lam. , Encyc. Suppl. 1 :561. 1810. 
Phaca andina Nutt. ex T. and G., Fl. N. Am. 1:345. 1838. pro. syn. 
Astragalus arcticus  Bunge Mem. Acad. Imp. Sci. St. Petersb. VII. 
15:27. 1869. 
Tragacantha aLpina (L.) Kuntze Rev. Gen. 942. 1891. 
Astragalus astragalinus  (DC.) Sheld. Minn. Bot. Stud. 1:65. 1894. 
Astragalus ~iganteus, sensu Sheld. Minn. Bot. Stud. 1:65. 1894. 
non A. giganteus S. Wats. 1882. 
Tiurn aLpinum (L.) Rydb. BULL. Torrey Club 32:659. 1905. 
Phaca alpina (L.) Piper Contr. U.S. Nat1. Herb. 11 :371. 1906. 
non _P. aLpina L. 1753. 
Astragalus andinus (Nutt.) M.E. Jones Rev. Astrag. 137. 1923. 
Atelophragma alpinum (L.) Rydb. Bu11. Torrey Ciub 55:130. 1928. 
=Astragalus alpinus var. parvuLus Rous. Contr. Lab. Bot. Univ. 
Montreal 24:23. 1933. 
=~AstragaLus alpinus ssp. alaskanus Hutt. Lund Univ. Arssk. N.F. 
Ard. 2, Bd. 43, No. 1:1082. 1947. 
Astragalus alpinus ssp. arcticus  (Bunge) Hutt. Lund Univ. Arssk. 
N.F. 2, Ard. 2, Bd. 43. No. 1:1083. 1947. 
Astragalus alpinus var. alaskanus (Hult.) Lepage Am. Midl. Nat. 
46:757. 1952. 
~AstragaLus alpinus var. alaskanus f. aLbovestitus Lepage Am. Midl. 
Nat. 46:758. 1962. 
Stems 8-35 mm Long, few to several from a creeping rhizome, de-
cumbent, strigulose throughout. Stipules 3-10 mm long, the lower ones 
connate-clasping, the upper ones nearly free, ovate to triangular, her-
baceous, strigulose to glabrous on the dorsal surface. Leaves 5-15 cm; 
leaflets 17-25, 6-20 mm long, 2-10 mm wide, ovate to elliptic or oblong, 
the apex retuse or rounded, strigulose above and below with simple 
pubescence. Peduncles 4-13 cm, strigulose. Bracts oblong, obtuse, 
longer than the pedicets, black-villous on the dorsal surface. Racemes 
1-6 cm Long, subcapitate, the flowers first erect, later spreading and 
finally reflexed in age, several- to many-flowered, elongating at matur-
ity. Flowers 9-15 mm, Light to dark purple, frequently fading to yellow 
on drying. Calyx campanulate, strigulose with black hairs; tube 2.0-3.5 
mm long; teeth 1 . 0-3. 2 mm in length, narrowly triangular. Pods 10-17 
mm, pendulous, strigose with black hairs, the lower (dorsal) suture 
sulcate, oblong-lanceolate, straight or slightly curved; stipe 2-5 mm 
long . 
Astragalus alpinus is a widespread, variable complex which has been 
variously interpreted in regard to the infraspecific taxa involved. The 
extreme types are recognizably distinct but they intergrade insensibly 
and intermediate forms are numerous. The present writer has been 
unable to satisfactorily place Alaskan specimens into the various named 
segregates. 
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Plate II. Astragatus alpinus.
To add to the confusion, a number of teratological specimens of A_. 
alpinus are extant. Specimens collected by Lepage (25324, US, RIM, 
and 23186, RIM) seem to be afflicted with some kind of disease. In these 
specimens the pedicel is elongated and the flowers tend to be erect. The 
floral parts are deformed and the ovary is without seeds and tends to be 
erect and somewhat curved. 
_A . alpinus is perhaps the most widespread of any species of Astragalus
in Alaska. It has been collected throughout Alaska with the exception 
of regions of Limited accessibility. The species is widely distributed 
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through the boreal, mountain, and subarctic regions of America, Europe 
and Asia. In North America it occurs from Labrador to Alaska and 
southward to Vermont and Colorado. It flowers from mid-June to Late 
August. The plants grow in a wide variety of habitats. 
Astragalus americanus (Hook.) M. E. Jones 
(Map 3, Plate III) 
Astragalus americanus (Hook.) M.E. Jones Contr. West. Bot. 8:8. 1898. 
Phaca frigida (3 americana Hook. FL. Bor. Am. 1:140. 1830. 
Astragalus frigidus, sensu Gray Proc. Am. Acad. 6:219. 1864. 
pro parte. non Phaca frigida L. 1759. 
Astragalus frigidus var. americanus (Hook.) S. Wats. Bibl. Index 
1:193. 1878. 
Astragalus atpinus (L.) Sheld. var, americanus (Hook.) She 1d. Minn, 
Bot. Stud. i ;1 33. 1894. 
Phaca americana (Hook.) Rydb. ex. Britt. and Brown, I11. F1. 2:304. 
1897. 
Stems 25-75 cm long, few to several from a woody caudex, ascending 
to erect, sparsely villous with simple hairs. Stipules 10-22 mm long, 
ovate to Lanceotate, free, the lower ones reflexed, turning brown with 
age, glabrous to sparsely villous with simple hairs. Leaves 9-16 cm 
long, leaflets 9-15, 15-58 mm long, 5-18 mm wide, oblong to lanceolate, 
obtuse, sparsely villous below, glabrous above. Peduncles 5-16 cm 
Long. Racemes 1.2-9 cm long, several -flowered. Bracts oblong to 
elliptic, obtuse, nearly equaling the calyx. Flowers 8-13 mm, whitish, 
the keel with a purple tip, Calyx campanulate, oblique; tube 3.5-5.0 mm, 
glabrous or nearly so; teeth 0. Z-0. 8 mm, villous with black hairs (or 
some with a fringe of white hairs). Pods Z2-32 mm long, ovoid-inflated, 
one-loculed, reflexed, glabrous (in ours); stipe 5-9 mm long, exceeding 
the calyx. 
Richardson (Franklin's Journey, 1823) Listed this species as Phaca 
frigida Wi11d. Hooker (1830) followed suit but recognized three varieties, 
europea, americana, and iittoralis, distinguished on pod and calyx 
characters. Rydberg (1929) treated the varieties americanus and littor-
alis (A, umbetlatus of the present paper) as distinct species. Jones 
(1923) held that A, americanus was distinct from European A. frigidus.
Hulten (1946) also maintained A. americanus as a discrete entity. 
A. americanus extends from Quebec to the Yukon and Alaska, south 
to British Columbia, Colorado, Wyoming, and the Black Hills of South 
Dakota. In Alaska the plants flower from mid-June to late Juty. They 
grow in open woods and cleared areas. 
Ledingham (1960) has reported the somatic chromosome number of 
A. alpinus as 2n = 16 and Zn = 3Z. 
Specimen citations: 
Alaska: Gakona; J.P. Anderson, June Z0, 1944 (ISC). Glenn Highway; 
mile 78, Chickaloon, J.P. Anderson 10550, July 7, 1948 (ISC). Richard-
son Highway; mile 280, McCarty, J. P. Anderson Z3Z5, July 13, 1935 
(ISC); Edgerton Junction, J.P. Anderson 2005, July 6, 1935 (ISC); mile 
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Plate III. Astragalus americanus . 
288, Delta Junction, W.J. Cody and T.J.M. Webster 5934, Juty, 1951 
(COLD). Tanacross; J.P. Anderson 8779, June 26, 1944 (ISC); J.P. 
Anderson, July 12, 1944 (ISC). Tetlin River; C. HeLLer 4950, August 21, 
1949 (ISC). 
Northwest Territories: Mackenzie District; Yellowknife, W.J. Cody 
and J.B. McCanse 3250, August 4, 1949 (DS); do 2718, July 19, 1949 
(MO); Norman Wells, W.J. Cody and R.L. Gutteridge 7331, July 18, 1953 
(COLO). 
Yukon: Macrae, near Whitehorse, D.A. Mitche 11 194, July, 1949 (U S, 
MO). Whitehorse, A.E. Porsild and A.J. B rietung 10684, July 28-29, 
1933 (US). 
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Astragalus australis  (L.) Lam. 
(Map 4, Plate IV, Figures A, B) 
Astragalus australis  (L.) Lam. F1. Fr. 2:637. 1778. 
Phaca australis  L. Mant. 1:103. 1767. 
Astragalus aboriginorum Richards ex. Frankl. , Jour. Bot. Append. 
746. 1823 
Astragalus aboriginum Spreng. Syst. 4: Post. Cur. 288. 1827. 
Phaca aboriginorum (Richards.) Hook. Fl. Bor. Am. 1:143. pL.56. 
1830. 
mPhaca glabriuscula Hook. Fl. Bor. Am. 1:144. 1830. 
~~AstragaLus glabriuscula (Hook.) A. Gray var, major A. Gray Proc. 
Acad. Phila. 1863:60. 1864. 
=FAstragalus forwoodii S. Wats. Proc. Am. . Acad. 25:129. 1890. 
Tragacantha aboriginum (Richards.) Kuntze Rev. Gen. 942. 1891. 
Tragacantha  glabriuscula (Hook.) Kuntze Rev. Gen. 945. 1891. 
Astragalus richardsoni SheLd. Minn. Bot. Stud. 1:126. 1894. 
Astragalus glabriusculus var. spatiosus Shetd. Minn. Bot. Stud. 
1:156. 1894. 
Astragalus aboriginum var. glabriusculus (Hook.) Rydb. Contr. U.S. 
Nat1. Herb. 3:492. 1896. 
Homalobus spatiosus (Sheld.) HeLLer Cat. N. Am. PL. Ed. 2. 7. 1900. 
Homalobus glabriusculus (Hook.) Rydb. Mem. N.Y. Bot. Gard. 1:246. 
1900. 
Homalobus aboriginorum (Richards.) Rydb. Mem. N.Y. Bot. Gard. 
1:246. 1900. 
Homalobus aboriginum (Richards.) Rydb, ex. Britton, Man. 554. 1901. 
Atelophragma aboriginum (Richards.) Rydb. BULL. Torrey Club 32:660. 
1905. 
Atelophragma gLabriusculum (Hook.) Rydb. Bu1L. Torrey Club 32:660. 
1905. 
Atelophragma lineare Rydb. Bull. Torrey Club 40:50. 1913. 
Atelophragma forwoodii (S. Wats.) Rydb. Bu11. Torrey Club 40:51. 
1913. 
Astragalus aboriginum var. fastigorum M.E. Jones Rev. Astrag. 135. 
1923. 
Atelophragma wallowense Rydb. BULL. Torrey Ciub 55:122. 1928. 
Astragalus linearis  (Rydb.) PorsiLd Rhodora 41:250. 1939. 
Astragalus aboriginorum var. muriei Hult. Lund Univ. Arssk. N.F. 
Avd. 2. Bd. 13. No. 1:1080. 1947. 
Astragalus lepagei Hutt. Lund Univ. Arssk. N.F. Avd. 2. Bd. 36; 
1753. 1950. 
Plants 10-50 cm tall; stems few to several from a branching caudex, 
ascending to erect, strigose to villous with simple hairs. Stipules 3-11 
mm long, the tower ones connate-clasping, those above nearly free, the 
free ends triangular to lanceolate, strigulose on the dorsal surface, acute. 
Leaves 2-10 cm long, short pedicellate; leaflets 9-15, 7-25 mm in length, 
2-8 mm in width, glabrous to strigose above, strigose (glabrous) to vil-
lous below, elliptic to Lance-elliptic, Linear -oblong or oblong, acute or 
occasionally obtuse. Peduncles 3-14 cm long, strigose (rarefy glabrous). 




Plate IV . Astragalus  austraiis,  .A, B . Astragalus  bodinii, C, D. 
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Bracts narrowly lanceolate, Longer than the pedicels, strigulose with 
black and white hairs. Racemes 2-15 cm long, several -f Lowered, at first 
contracted, elongating at maturity. Rowers 8-13 mm long, yellowish 
white (often tinged with pink), the keel purple-tipped. Calyx campanuLate, 
strigulose with black, simple hairs; tube 3-4 mm; teeth 1.5-4 mm, 
Linear-subulate. Pods 18-35 mm, Lunate, chartaceous to cartilaginous, 
1-loculed, dehiscent, glabrous (occasionally minutely strigose or rarely 
pilose); both sutures prominent; stipe 5-10 mm Long. 
This taxon is a part of a vast complex of circumboreaL distribution, 
and because of this, its relationship to other members of the complex 
has been difficult to evaluate. While the picture is still not entirely 
clear, the accumulation of numerous additional specimens from boreal 
and Arctic North America make it evident that a break with tradition 
is necessary. Thus, the writer follows Polunin (1959) in treating the 
American members of this complex as A. australis.
The specimens of _A . australis  from North America are extremely 
diverse, and it is probable that further work will reveal the necessity of 
recognizing several varieties or subspecies. 
A. lepagei is herein reduced to synonymy. The species was based on 
specimens from Umiat which have large, broad pods and long peduncles 
and racemes. It is possible that A. lepagei warrants some infraspecies 
status, but at present it seems to represent no more than an extreme 
form, well within the. Limits of _A . australis.
The species is present in European Alps, Urals and northeast Asia. 
In North America it extends from Quebec to Alaska and southward to 
Nevada and Colorado. The plants tolerate a wide range of habitats. 
They grow in tundra, along gravel bars in stream courses, and in rocky 
alpine situations. In Alaska, the plants flower from early June to mid-
August. 
The somatic chromosome number has been reported as 16 (Leding-
ham, 1957, 1960, for A. aboriginorum). 
Astragalus bodinii Sheld. 
(Map 6, Plate IV, Figures C, D) 
Astragalus bodinii Sheld. Minn. Bot. Stud. 1:122. 1894. 
Phaca bodini (Sheld.) Rydb. BuLI. Torrey Club 32:665. 1905. 
Astragalus debilis, sensu Jones Rev. Astrag. 88. 1923. 
non A_. debilis A. Gray, 1862. 
Astragalus yukonis Jones Rev. Astrag. 89. 1923. 
HomaLobus retusus Rydb. BuIL. Torrey Club 50:186. 1923. 
Phaca yukonis (Jones) Rydb. N. Am. FL. 24:360. 1929. 
Plants prostrate, caespitose; stems 25-60 cm tong, very slender, 
arising from slender rhizomes or from a caudex, strigose. Stipules 
2-8 mm tong, 2-4 mm wide, Lance-elliptic to oblong, obtuse or retuse, 
glabrous above, strigose below. Peduncles 5-10 cm Long, strigose. 
Bracts ovate, equaling or longer than the pedicels, ciliate. Racemes 
3-8 cm long, few-_ to several-f Lowered, elongating at maturity. Flowers 
8-10 mm long, purplish. Calyx campanulate, black-strigose; tube 2.5-
3.5 mm; teeth 1.2-2.0 mm long, narrowly triangular subulate. Pods 
6-9 mm Long, substipitate, 1-loculed, ovoid, black strigose. 
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For some time, the author has suspected that A, yukonis was a part 
of A. bodinii complex. Careful examination of specimens fails to justify 
even varietal status for the boreal A, yukonis. Because A. bodinii is 
the older combination, it is employed. Possibly Jones was correct in 
taking up A, debilis for this species. However, the description of A. 
debilis is not clear and no type has been located. 
The plants flower from mid-June to late August. They have been 
collected on open hillsides, riverbanks, and in moist woods. The species 
occurs from Alaska southward through British Columbia to Utah and 
Colorado. 
Ledingham (1960) has reported the somatic chromosome number of 
A, yukonis as 2n = 34. 
Specimen citations: 
Alaska: Circle; J.P. Anderson 10225, July 18, 1946 (ISC); R.V. Moran 
82, August 23, 1936 (DS). Franklin; J.P. Anderson and G.W. Gasser 
72646, July 15, 1941 (ISC). Haines Junction; R. Thaw 196, September, 
1950 (ISC). Mt. Hayes; L.J. Palmer 634, July, 1941 (ISC). Rampart; 
Mrs. Roder 65, 1905 (US). Richardson Highway; Mile 277, W.J. Cody 
and T.J.M. Webster 5936, July 1 3, 1951 (US); do 5971, July l4, 1951 (US); 
mile 268, do 5218, June 18, 1951 (COLD). Tanacross; J.P. Anderson 
10846, July 24, 1948 (ISC); do 8780, June 26, 1944 (ISC). 
Yukon: Whitehorse; J.P. Anderson 9617, July 31, 1944 (ISC); J.M. 
Gillett 3497 (COLO). 
Northwest Territories: MacKenzie District; west of Ft. Smith, W.J. 
Cody 4180, July 4, 1950 (COLO); Yellowknife, W.J. Cody 2260, June 26, 
1949 (COLD). 
Astragalus dasyglottis Fisch. (Plate V. Figures C, D) 
Astragalus dasyglottis Fisch. ex. D.C. , Prod. 2:282. 1825. 
Astragalus hypoglottis, sensu authors, non L. 1771. 
Astragalus hypoglottis R dasyglottis (Fisch.) Ledeb. Fl. Alt. 3:293. 
1831. 
Astragalus agrestis  Dougl. ex. G. Don, Gen. Syst. 2:258. 1832. 
Astragalus hypoglottis ~ipolyspermus T. and G. F1. N. Am. 1:328. 
1838. 
Astragalus dasyglottis Nutt. ex. T. and G., FL. N. Am. 1:329. 1838. 
pro syn. 
Astragalus ~oniatus Nutt. ex. T. and G. , F1. N. Am. 1 :330. 1838. 
Phaca hypoglottis, sensu MacMi11. Metasp. Minn. Valley 324. 1892. 
pro syn. 
Astragalus virguLtuLus Shetd. Minn. Bot. Stud. 1:165. 1894. 
Astragalus tarletonis Rydb. ex. Britt. and Rydb. Bull. N.Y. Bot. 
Gard. 2:175. 1901. 
Astragalus agrestis  var. Polyspermus (T. and G.) M.E. Jones 
Contr. West. Bot. 10:65. 1902. 
Phaca agrestis  (Dougl.) Piper Contr. U.S. Natl. Herb. 11 :372. 1906. 
Stems 9-43 cm long, few to several from a rhizome, decumbent, 
strigose throughout with simple hairs. Stipules 4-11 mm in length, 
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connate -clasping below, the free ends lanceolate to triangular, glabrous 
or strigose on the dorsal (outer) surface, ciliate, herbaceous. Leaves 
4-7 cm; leaflets 11-25, 6-15 mm Long, 2-4 mm wide, narrowly elliptic 
obtuse, striguLose above and below with simple hairs. Peduncles 4-19 
cm Long, strigose. Bracts linear -lanceolate, exceeding half the length 
of the calyx tube, villous with black and white hairs. Racemes 1-4 cm 
long, subcapitate, few- to several -flowered. Flowers 17-24 mm long, 
purple or occasionally ochroLeucous, erect. Calyx cylindric, villous 
with dark and Light simple hairs; tube 6-7 mm; teeth 2. 8-5.5 mm, half 
as long as the tube, Linear, usually black-villous. Pods 8-10 mm long, 
woolly-villous, erect, subsessile, rupturing the persistent calyx, 2-
loculed by intrusion of the dorsal suture; the lower (dorsal) suture sut-
cate 
The writer follows Barneby (1959) in the use of the epithet dasyglottis
for this taxon. According to Barneby (Loc. cit.) the species ranges in 
eastern Asia, from the Lena Basin south to northern Sinkiang, and west 
through trans-Baikatia and Altai to the Tarbagatai Mountains at about 
longitude 85 E. In North America the species extends from the Yukon 
southward to Washington, Utah, and New Mexico and east to Ontario , 
Southern Manitoba, and northern Iowa. 
The taxon is not known, as yet, from Alaska proper, but it should be 
expected along the Yukon River near the Canadian Boundary. Hult~n 
(1946a) cites several specimens from the Yukon territory. 
A_. dasyglottis might be mistaken for A. adsurgens ssp. viciifolius 
with which it is related. The long villous pods, basifixed pubescence, 
and rhizomatous habit will distinguish A. dasyglottis  from that species. 
Astragalus eucosmus Robins. 
(Map 5, Plate V. Figures A, B) 
Astragalus eucosmus Robins. Rhodora 10:33. 1908. 
Phaca elegans Hook. Fl. Bor. Am. 1:144. 1831, non Astragalus 
elegans Bunge 1868. 
Phaca elegans R minor Hook. Fl. Bor. Am. 1:144. 1830. 
Phaca parvifLora Nutt. ex. T. and G. , F1. N Am. 1 :348. 1838. 
Astragalus oroboides, sensu A. Gray Am. Jour. Sci. II. 33:410. 1862. 
non _A . oroboides Hornem. 1810. 
Astragalus oroboides var. americanus A. Gray Proc. Am. Acad. 
6:205. 1864. 
Astragalus elegans (Hook.) Sheld. Minn. Bot. Stud. 1:154. 1894. 
non A. elegans Bunge 1868. 
Astragalus elegans curtiflorus Rydb. Mem. N.Y. Bot. Gard. 1 :242. 
1900. 
Astragalus minor (Hook.) M.E. Jones Contr. West. Bot. 10:660. 1906. 
Atelophragma elegans (Hook.) Rydb. Bull. Torrey Glub 32:660., 1906. 
Atelophragma atratum Rydb. N. Am. F1. 24:372. 1929. 
Astragalus eucosmus f. leucocarpus Lepage Am. Midl. Nat. 46:758. 
1952. 
Astragalus sealei Lepage Nat. Can. 85:102. 1958. 
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Plate V. Astragalus eucosmus, A,B. Astragalus dasyglottis, C, D. 
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Plants 20-70 cm tall, erect or ascending; stems few to several from 
a branching caudex, minutely strigose with simple hairs. Stipules 3-9 
long, connate -clasping below, free above, lanceolate, strigose dorsally. 
Leaves 5-9 cm Long; leaflets 9-15, 10-22 mm long, 4-7 mm broad, 
ecliptic to lance -elliptic or oblong, obtuse, glabrous to gLabrate above, 
strigose beneath. Peduncles 6-16 cm Long, at maturity much exceeding 
the Leaves. Bracts narrowly lanceolate, exceeding or equaling the pedi-
ceLs, black piLose. Racemes 1-15 cm long, elongating in fruit; several -
to many-flowered. Flowers 6-8 mm long, purplish. Calyx campanulate, 
black-viLlous; tube 2.5-3.5 mm long; teeth 0.9-1. 6 mm long, narrowly 
Lanceolate, acute. Pods 8-12 mm Long, spreading or reflexed, inflated, 
Laterally compressed, dehiscent, substipitate, 1-celled, black or white-
pilose; ventral suture prominent; dorsal suture intruded as a thin partial 
partition. 
The relationships of this taxon are difficult of definition. It is a 
member of a complex with both European and American representation. 
Gray (1862 believed the American populations to be conspecific with the 
European A. oroboides (DC.) Hornem. Later workers have treated our 
material as a distinct species. Since the present author has not had an 
opportunity to study the European members of the complex, the American 
specimens are treated herein as a distinct entity. 
Rydberg (1929 described a dwarf member of this complex as Atelo-
phrag_ma atratum.  Recently, Lepage (1958 provided the new name A_. 
sealei for AteLophragma atratum, the name atratus  being occupied in 
Astragalus.  The writer has examined the type of A. atratum and finds 
that it falls well within the range of variation of A. eucosmus. Although 
plants with compact racemes frequently have small pods there is no dis-
tinct demarcation between the size of pods as borne by plants with com-
pact racemes as compared to those with elongated racemes. The writer 
has not found pods as short as those described in the characterization of 
A. atratum, not even in the hoLotype. The principal evidence that there 
may be more than one species involved in this complex is cytological. 
Ledingham (L960) has reported a somatic chromosome number of 2n = 32 
for A_. eucosmus and 2n = 16 for A_. sealei.
In North America the species ranges from Baffin Island and Alaska 
southward to northern Maine, Northern Ontario, Montana, Wyoming, and 
Colorado. The plants grow in moist meadows, stream banks, and bars, 
often in shade. They flower from mid-June to Late August. 
='FAstragaLus harringtonii (Rydb. Hult. (Map 6. Plate VI~ 
Astragalus harringtonii (Rydb.) Hult. F1. Alaska and Yukon. 1087. 1946. 
Atelophragma harringtonii Rydb. BuiL. Torrey Club 55:126. 1928. 
Astragalus harringtonii Cov. and Standl, ex. Rydb. , Bu11. Torrey 
Club 55:126. 1928. pro syn. 
Stems 20-50 cm long, few to several from a caudex, ascending to 
erect, strigose throughout with simple hairs. Stipules 5-8 mm tong, 
l~inceolate to triangular, connate below, free above, strigose to glabrate 
dorsally, ciliate. Leaves 6-11 cm long; leaflets 11-15, 12-55 mm long, 
5-10 mm wide, lance-elliptic to oblong, obtuse, glabrous above, strigose 
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Plate VI. Astragalus harringtonii.
below with simple hairs, the upper surface minutely punctate. Peduncles 
8-Zl cm long, strigose to strigulose. Racemes Z-8 cm long, elongating 
in fruit, several.- to many-flowered; rachis and pedicels black viLlous. 
Flowers 9-12 mm Long; ochroleucous, spreading. Calyx campanulate, 
vinous with black hairs; tube 3. 5-4. 3 mm Long; teeth 2. 5-4. 8 mm long, 
Linear, black-vinous. Pods 15-ZO mm long, Lance -ovoid, spreading to 
reflexed, partially 2-loculed by intrusion of the dorsal suture; stipe Z-4 
mm Long. 
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A, harrin~tonii is probably more closely related to A_. robbinsii than 
to any othex species of Astragalus  in Alaska. However, there are seve-
ral features which separate the two species and they are geographically 
distinct . 
The species is known only from sites near the coast of Alaska. The 
plants flower from mid-June to mid-July. 
Specimen citations: 
Alaska: Anchorage; DutiLly, LePage, O'Neill 21071, July 11, 1947 
(ISC, RIM). Copper River; I.E. Diehl, 1908 (DS). Beardsley Island; J.P. 
Anderson 7Z5, June 28, 1928 (ISC). Goodnews Bay; G.L. Harrington 60, 
July 14, 1919 (Hototype A. harringtonii, Rydb., US). Knichnick Arm; C. 
L. York 113, June 14, 1943 (ISC, DS). Matanuska; J.P. Anderson 872, 
July 6, 1931 (ISC). Palmer; J.P. Anderson 7015, June 29 (ISC). Yakutat; 
Mr. and Mrs. E.P. Walker 1058, June 24, 1916 (US). 
Astragalus nutzotinensis Rousseau 
(Map 7. Plate VII, Figures A,B) 
Astragalus nutzotinensis Rousseau Contr. Lab. Bot. Univ. Montreal 
24:14. 1933. 
Gynophoraria falcata Rydb. N. Am. FL. 24:280. 1929. 
Astragalus falciferous Hult. Sv. Bot. Tideskr. 30:526. 1936. 
Astragalus gynophoraria Tidestr. Proc. BioL. Soc. Wash. 50:20. 1937. 
Plants 10-20 cm tall. Stems few to several from a caudex, decumbent 
to ascending, minutely strigose with white and black, simple hairs. Stip-
ules 3-6 mm, connate -clasping, the free ends ovate -lanceolate, acumi-
nate, glabrate, ciliate, often purplish. Leaves 3-6 cm long, long petio-
late; leaflets 9-15., 4-7 mm long, 2-3 mm wide, elliptic to oblong, obtuse 
or retuse, glabrate or glabrous above, strigose below. Peduncles 3-9 
cm long, glabrate, often with a purplish cast. Bracts lanceolate, ciliate 
shorter than or equaling the pedicels at anthesis. Racemes 1-3 cm long, 
1- to several-flowered. Flower 13-18 mm Long, purplish. Calyx cam-
panulate, sparsely black strigose to glabrate; tube 3.0-4.5 mm long; 
teeth 1-2.5 mm tong, triangular -acuminate. Pods 35-40 mm long, curved 
into a semicircle, inflated, dehiscent, minutely strigose, 1 -loculed, 
stipitate; stipe 4-8 mm tong, articulated to the pod. 
Plants of A_. nutzotinensis could be mistaken for A.  polaris in vegeta-
tive or flowering condition. The distinctly stipitate ovary of the former 
is diagnostic of plants in flowering condition. 
The species is known from Alaska and from the Yukon (Porsild, 195L). 
The plants flower from mid-June to mid-July. 
Ledingham (1960) has reported the chromosome number of 2n = 22 for 
A. nutzotinensis. 
Specimen citations: 
Alaska: Canning River; Shublick Springs, L.A. Spetzman 459, August :
11, 1947 (ISC). Glenn Highway; mite 113, Sheep Mt., J. P. Anderson 
10775, July 17, 1948 (ISC). Mt. McKinley National Park; L.A. Viereck 
3204, July 14, 1958 (COLO); do 1087, July 4, 1956 (COLD). Richardson 
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I cm 
Plate VII. Astragalus nutzotinensis, A, B . Astragaius polaris, C, D. 
Highway; mile 202, J.P. Anderson 2154, July 10, 1935 (ISC). S.E. Alaska; 
coastal areas, E.P. Walker 1141, 1917 (COLD). Sagaranirktok River; 
Thompson, Shushan, Koranda s. n. , July 30, 1950 (COLO). Toklat River; 
A. and R.A. Nelson 3539, June 25, 1939 (ISC); D. Bolinger, June 28, 
1950 (ISC). 
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Astragalus polaris Seem ex Hook. 
(Map 8. Plate VII, Figures C, D) 
Astragalus polaris Seem ex. Hook., Trans. Linn. Soc. 23:323. 1861. 
Oxytropis polaris Seem Narr. Voy. Herald 2:24. 1952. nom. nud. 
Tragacantha  polaris (Seem ex Hook.) Kuntze Rev. Gen. 947. 1891 . 
Phaca polaris (Seem ex Hook.) Rydb. N. Am. Fl. 24:349. 1929. 
'Homalobus amblyodon Rydb. N. Am. Fl. 24:266. 1929. 
Astragalus amblyodon Kearney ex Rydb , N. Am. Fl. 24:266. 1929. 
pro syn. 
Astragalus amblyodon (Rydb.) Hulten Lund Univ. Arssk. N.F. 2, 
Ard. 2, Bd. 43. No. 1;1085. 1947. 
Plants prostrate, forming dense tufts; stems 5-15 cm long, few to 
several from a rhizome, minutely strigose. Stipules 2-5 mm long, 
connate-clasping, ovate to broadly lanceolate, chartaceous, ciliate or 
smooth. Leaves 3-6 cm Long; leaflets 11-17, 4-6 (10) mm Long, 2-3 mm 
broad, elliptic to oblong, emarginate, retuse or obtuse, glabrous above, 
strigose along the mid-vein below. Pedunctes 3-7 cm long, slender. 
Bracts ovate, shorter than or equaling the pedicels, glabrous to glabrate. 
ciliate. Racemes 1-3 (5) flowered. Flowers 11-16 mm Long, purplish. 
Calyx campanulate or short cylindric, black strigose; tube (3. 5) 4-6 mm 
long; teeth 1. 0-2.4 mm long, triangular to lanceolate. Pods 18-25 (43) 
mm long, ovoid-inflated at maturity, 1 -loculed, articulated to a short 
stipe (to 1 mm), minutely black strigose; both sutures prominent. 
This small but distinctive species is apparently restricted to Alaska. 
Although it has been compared by several authors to A. alpinus, it is 
probably more closely related to A. nutzotinensis. 
Homalobus amlbyodon Rydb. was based on a single specimen of A_. 
polaris in flower only. The type does not differ from other specimens 
examined except that the flowers are slightly smaller than most. In all 
other respects the type of H. amblyodon agrees with specimens of A. 
 Po1 — —
_A . polaris flowers from Late June to early August. Specimens have 
been collected in a series of habitats ranging from mossy sites in open 
spruce woods to gravel bars, moraines, and rocky alpine situations. 
Specimen citations: 
Alaska: Alaska Peninsula; Stepovak Bay, C. Palache July 8-19, 1899 
(Holotype Homalobus amblyodon Rydb., US). Cape Lisburne; H.A. Crum 
2391, Juiy 27, 1953 (DS). Cape Sabine; Thompson, s. n. , July 10-17, 1958 
(COLO). Cape Vancouver; J. Macoun, August 9, 1891 (US). Healy; J.P. 
Anderson 5739, Juty 23, 1939 (ISC). Kellik and Kurupa Rivers; foothills 
of Brooks Range; R.M. Chapman 160, June 1950 (US). Muldrow Glacier; 
L.A. Viereck 1386, July 17, 1956 (COLO, ALA). Point Hope; J.P. Ander-
son 5739, July 23, 1939 (ISC). Utukok River; Driftwood, G.W. Rawson, 
August 3, 1952 (ISC); Meat Mt. , G.H. Ward 1275, July 28, 1952 (DS, US). 
Walker Lake; Brooks Range, G. Smith 2459, July 14, 1954 (ALA). Wise-
man, J.P. Anderson and G.W. Gasser 5215, August 1, 1939 (ISC); L.H. 
Jordal 2160, July 2, 1949 (ISC, US). 
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Astragalus robbinsii (Oakes) A. Gray 
(Map 9. Plate VIII, Figures A, B) 
Astragalus robbinsii (Oakes) A. Gray Man. Ed. 2. 98. 1856. 
Phaca robbinsii Oakes Hovey's Mg. Hort. 7:179. 1841. 
~~Astragalus macounii Rydb. Mem. N.Y. Bot. Gard. 1:243. 1900. 
Atelophragma macounii (Rydb.) Rydb. Bull. Torrey Club 32:660. 
1906. 
Atelophragma collieri  Rydb. Bull. Torrey Ciub 55:127. 1928. 
Astragalus collieri  (Rydb.) PorsiLd Sargentia 4:50. 1943. 
Plants 35-65 cm tall; stems few to several from a branching caudex; 
ascending to erect, minutely strigose with simple hairs (rarely glabrous). 
Stipules 5-15 mm long, the Lower ones connate, those above nearly free, 
strigose to giabrate dorsally. Leaves 7-12 cm tong; leaf Lets 9-15, 20-
50 mm long, 4-16 mm wide, lance-elliptic to oblong, rounded or retuse, 
glabrous above, minutely strigose below. Peduncles 9-23 cm long, 
minutely strigose. Bracts linear -lanceolate, shorter than or equaling 
the pedicels, strigose. Racemes 2-20 cm long, several- to many-
flowered, elongating at maturity. Flowers 9-11 mm long, ochroLeucous. 
Calyx campanuiate, strigose with black hairs; tube 3.5-4.2 mm Long, 
teeth 1.5-2.2 mm long, linear, black strigose. Pods 19-26 mm Long, 
narrowly Lance -ovoid, spreading to reflexed, partially 2-loculed by in-
trusion of the dorsal suture, minutely black-strigose (rarely glabrous). 
Stipe 3-6 mm Long. 
Barneby (personal correspondence, 1961) after a thorough examination 
of Alaskan specimens of this taxon, has indicated that they are not dis-
tinguishably different from the eastern A. robbinsii var. blakei. The 
present author's experience with A, robbinsii in the eastern part of its 
range is somewhat limited; tentatively he agrees with Barneby. 
In Alaska, A. robbinsii flowers during June and July. The plants 
have been collected in moist situations, in woods, thickets, and along 
stream and river banks. 
_A . robbinsii extends from Alaska southward along the Rocky Moun-
tains to Colorado and disjunctly eastward to Labrador and Vermotat. 
Ledingham (1 960) has reported that the somatic chromosome numbe r 
is 2n = 16 or 2n = 64. 
Specimen citations: 
Alaska: Chandalar River; J.B. Mertie 28, June 10-July 4, 1927 (US). 
Circle; J.P. Anderson 2518, July 19, 1935 (ISC). Eagle; A.J. Collier 50, 
June 29, 1902 (Hototype Atelophragma collieri  Rydb. , US); Franklin; 
Forty -mile District; J.P. Anderson and R.G. Brown 10123, July 7, 1946 
(ISG). Glacier Bay; W.A. Cooper 175, August 22, 1916 (DS). Slana-Tok 
Highway; Clear -water Creek, J. P. Anderson and R. G. Brown 10123, 
July 7, 1946 (ISC). Yukon Valley; Post on Forty-mile Creek, F. Funston 
67, June 9, 1893 (Paratype Atelophragma collieri  Rydb., US). 
British Columbia: Lower Arrow Lake; J. Macoun, June 5, 1890 (Iso-
type A. macounii Rydb, US). 
376 STANLEY L. WELSH 
Plate VIII. Astragatus robbinsii, A, B . AstragaLus tenelLus, C, D. 
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Astragalus tenellus Pursh 
(Map 10. Plate VIII, Figures C, D) 
Astragalus tenellus Pursh F1. Am. Sept. 2:483. 1814. 
~Ervum multiflorum Pursh. F1. Am. Sept. 2:739. 1814. 
~Orobus dispar Nutt. Gen. 2:95. 1818. 
Phaca nigrescens Hook. F1. Bor. Am. 1:143. 1830. 
Physondra dispar (Nutt.) Raf. At1. Jour. 145. 1830. 
Homalobus dispar (Nutt.) Nutt. ex T. and G. , F1. N. Am. 1 :350. L838. 
Homalobus muitiflorus (Pursh) T. and G. Fl. N. Am. 1 :350. 1838. 
Homalobus nigrescens Nutt. ex T. and G. Fl. N. Am. 1:350. 1838. 
Pro syn. 
Astragalus nigrescens (Hook.) A. Gray Am. Jour. Sci. II. 33;410. 
1862. non A_. nigrescens Pallas 1880. 
Astragalus multifLorus (Pursh) A. Gray Proc. Am. Acad. 6:226. 1864. 
Tragacantha teneLla (Pursh) Kuntze Rev. Gen. 942. 1891. 
Homalobus tenellus (Pursh) Britt. ex. Britt. and Brown, Ill. Fl. 
2:305. 1897. 
Stems 23-54 cm tong, several from a branching caudex, decumbent to 
ascending, strigose throughout with simple hairs. Stipules 2-6 mm long, 
connate -clasping, strigose to glabrous on the dorsal surface, the free 
ends triangular, often blackening on drying. Leaves 5-8cm long, petioles 
short or Lacking; Leaflets 15-21, 8-20 mm Long, 2-4 mm wide, linear-
obLong to narrowly lanceolate or elliptic, obtuse or acute, strigose below, 
glabrous above. Peduncles 1 -4 cm Long, strigose, shorter than the 
racemes, occasionaLiy in pairs. Bracts ovate, ciliate, shorter or longer 
than the pedicels. Racemes 3-10 cm Long, several- to many-flowered, 
elongating at maturity. Flowers 7-9 mm long, ochroleucous (rarely 
purplish); the keel purple -tipped. Calyx campanulate, strigose; tube 
2.0-2.5 mm Long, teeth 0.9-1. 7 mm long, triangular. Pods 12-18 mm 
long, laterally compressed and nearly flat, 1-loculed, dehiscent, gLab~ 
roust both sutures prominent; stipe 1-5 mm long. 
Although this species is not known from Alaska, it has been collected 
on several occasions in the Yukon Territory, and should be expected in 
eastern Alaska. The species extends from the Yukon Territory south-
ward to New Mexico and Minnesota. 
Specimens of A. tenellus have been collected in a wide variety of 
habitats. They frequently grow in open, well-lighted and well-drained 
sites, but they also occur in woods and in poorly-drained places. 
The somatic chromosome number of A. tenellus has been reported to 
be 24 (Ledingham, 1957). 
Specimen citations: 
Northwest Territories: Souris Plain; Prof. Macoun 441, Juiy 8, 1880 
(US). 
Yukon Territory: Alaska Highway; mile 937, J.P. 'Anderson and R.G. 
Brown 9999, July 3, 1946 (US). Canol Rd. ; A. E. Porsild and A.J. Brei-
tung 9868, June 24, 1944 (US). Red Mt. (Ft. Selkirk); M. T. Gorman, 
July 17, 1899 (US). Stewart River (50 miles above); J.B. Tarleton 165a, 
July 28, 1899 (US). Whitehorse; D.A. Mitchell 140, July 7, 1949 (MO, 
US); A.E. Porsild and A.J. Breitung 10688, July 28, 1944 (US). 
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Plate IX. Astragalus umbellatus. 
Astragalus umbellatus Bunge (Map 11, Plate IX) 
Astragalus umbellatus Bunge Mem. Acad. Imp. Sci. St. Petersb. Ser. 
7. 15:29. 1869. 
Phaca frigida y littoralis Hook. Fl. Bor. Am. 1:140. 1830. 
Astragalus frigidus var. littoralis (Hook.) S. Wats. BibL. Index 193. 
1878. 
Astragalus alpinus (L.) Sheld. var. littoralis (Hook.) Sheld. Minn. 
Bot. Stud. 1:133. 1894. 
Phaca littoralis (Hook.) Rydb. ex Britton and Rydb. Bull. N.Y. Bot. 
Gard. 2:176. 1901. 
Astragalus littoralis (Hook.) Cov. and Standl. ex Mertie, U.S. Dept. 
Inter. Geolog. Surv. BuLI. 836-F:365. 1932. 
Astragalus littoralis (Hook.) Rousseau Contr. Lab. Bot. Univ. 
Montreal 24:48. 1933. 
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Plants 10-30 cm tall, erect; stems single to few from a rhizome, 
villous. Stipules 7-15 mm long, foliose, ovate-lanceolate, at first vil-
lous, glabrate in age, ciliate. Leaves 4-12 cm long; leaflets 7-13, 10-
30 mm long, 4-14 mm wide, elliptic to oblong or lance-elliptic; obtuse 
or rounded, villous below, glabrous above. Peduncles 3-9 cm long, 
villous. Bracts ovate -lanceolate, Longer than the pedicels, villous. 
Racemes 1-5 cm long, few- to several-flowered. Flowers 13-19 mm 
long, yetLowish (variously shaded with purple). Calyx short cylindric, 
sparsely black-villous; tube 6.0-8.0 mm; teeth 0.6-2.8 mm, broadly 
triangular. Pods 20-26 mm tong, ovoid-inflated, 1-loculed, reflexed, 
black pilose; stipe 5-7 mm long, usually included within the persistent 
calyx. 
A_, umbellatus is a rather uniform species. It occupies a wide range 
of habitats, having been collected in gravel bars, tundra meadows, open 
spruce forest, dry alpine ridges, and in subaLpine Betula-Salix scrub. 
Flowering time is from early June to mid-July. 
According to Hulten (1946), A, umbellatus is circumboreal in distri-
bution. Although the writer has not seen specimens from the Yukon 
Territory, both Hulten (1946) and Porsild (1951) cite numerous specimens 
from that locality. 
Astragalus williamsii Rydb. (Map 12, Plate X) 
Astragalus williamsii Rydb. Bull. N.Y. Bot. Gard. 2:175. 1901. 
Atelophragma williamsii (Rydb.) Rydb. Bull. Torrey Club 55:132. 
1928. 
Astragalus gormani Wight ex M.E. Jones Astrag. 132. 1923. 
Plants 40-70 cm tall, erect; stems few to several from a branching 
caudex, minutely strigose with simple hairs. Stipules 7-11 mm long, 
narrowly Lanceolate, the lower ones connate, the upper ones nearly free, 
glabrous. .Leaves 5-10 cm long, short petiolate; Leaflets 9-17; 18-34. 
mm long, 3-16 mm wide, narrowly oblong to linear, retuse, minutely 
strigose below, glabrous above. Peduncles 8-16 cm long, strigose. 
Bracts linear -lanceolate, ciliate, much exceeding the pedicels. Racemes 
1-13 cm Long, elongating in fruit; several- to many-flowered. Flowers 
12-14 mm long, yetLowish; keel purple -tipped. Calyx campanulate, black 
strigose; tube 3.5-4.5 mm; teeth 1.5-2.5 mm, linear-lanceo Late. Pods 
9-15 mm long, partially 2-loculed by intrusion of the dorsal suture, 
erect, substipitate, cross-reticulate, minutely strigose. 
A. williamsii is known only from Alaska and from the Yukon Terri-
tory. The plants flower from early June to Late August. They grow on 
stream banks, in woods and on shalt' bluffs. 
Specimen citations 
Alaska: Buffalo Center; J.P. Anderson 10854, July 26, 1948 (ISC). 
Eagle; G. Smith and L. Viereck 2408, June 25-27, ,1954 (ALA). John 
River; F.C. Schrader, June 28, 1901 (US). Richardson Highway; mite 
280, McCarty; J.P. Anderson 2291, July 13, 1935 (ISC); mile 267, W.J. 
Cody and T.J.M. Webster 4986, June 3, 1951 (US); do 5956, Juty 31, 1951 
(US). Slang-Tok Highway; Clearwater Creek, J.P. Anderson and R.W. 
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Plate X. Astragalus wiiliamsii.
Brown 10124, July 7, 1946 (ISC, US). Tetlin River; C. Heller 495, August 
Z1, 1949 (ISC). 
Yukon Territory: Fifty Miie River; A.L. Bolton, August 3, 1 899 (US). 
Five-Finger Rapids; J.B. Tarleton 9Z6, July Z, 1899 (US). Lake Le -
barge; A. Eastwood 595, July 12, 1914 (US). Pelty River VaLiey; Ganol 
Rd. , mile 136-138, A.E. Porsild and A.J. Breitung 9668, June 19, 1944 
(US, GH); do 9894, June Z5, 1944 (US). Whitehorse; A.E. Porsild .and 
A.J. Breitung 10687, July 28-29, 1944 (US, GH). 
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APPENDIX 
Synonym s 
The names presented in the following list consist of the synonyms of the species 
treated in the foregoing work. The names in the left column are the synonyms; 
those in the column on the right are the names of the species in the present treat-
ment. 
ASTRAGALUS ASTRAGALUS 
A.  aboriginorum Richards. A Australis (L.) Lam. 
A_. aboriginum (Richards.) Spreng. A australis  (L.) Lam. 
A. aboriginum var. fastigorum A australis  (L.) Lam. 
M. E. Jones 
A_ . aboriginum var, glabriuscuLus A. australis  (L.) Lam. 
(Hook.) Rydb . 
A. aboriginorum var. muriei Hult. A. australis  (L.) Lam. 
A_. adsurgens var. albiflorus Blankin. A. adsurgens ssp. robustior (Hook.) Welsh 
A. adsurgens (3 robustior Hook. A. adsurgens ssp. robustior (Hook.) Welsh 
_A , agrestis  Dougl. A. dasyglottis Fisch. 
A. agrestis  var. polyspermus A. dasyglottis Fisch. 
(T and G) M.E. Jones 
A. alpinus ssp. alaskanus Hutt. A. aLpinus L. 
A. alpinus var. alaskanus (Hutt.) A. aLpinus L. 
Lepage 
A_. alpinus var. alaskanus f. A. aLpinus L. 
albovestitus Lepage 
A_. alpinus var. americanus (Hook.) A. americanus (Hook.) M.E. Jones 
Sheld. 
A. alpinus ssp. arcticus (Bunge) Hult. A. alpinus L. 
A_, alp~.nus (L.) Sheld. var. LittoraLis A. umbellatus  Bunge 
(Hook.) Sheld. 
A_. alpinus var. parvulus Rous. A. aLpinus L. 
A_. amblyodon Kearney A. polaris Seem ex Hook. 
A_. amblyodon (Rydb.) Hutt. A. polaris Seem ex Hook. 
_A . andinus (Nutt.) M.E. Jones A. alpinus L. 
A_. arcticus  Bunge A. alpinus L. 
A_. astragaLinus (DC.) Sheld. A. alpinus L. 
A_. chandonnettii Lune LL A. adsurgens ssp. robustior (Hook.) Welsh 
A. collieri (Rydb.) Porsild A. robbinsii (Oakes) A. Gray 
A_. dasyglottis Nutt. A, dasyglottis Fisch. 
A_. debilis sensu M.E. Jones A. bodinii Sheld. 
A. elegans (Hook.) Sheld. A. eucosmus Robins. 
A. eLegans curtiflorus Rydb. A, eucosmus Robins. 
A_. eucosmus f. leucocarpus Lepage A, eucosmus Robins. 
A_ . falciferous Hult. A. nutzotinensis Rous. 
A_. forwoodii S. Wats. A. australis  (L.) Lam. 
A. frigidus sensu Gray A. ame ricanus (Hook.) M.E. Jones 
A. frigidus var. americanus (Hook.) A. americanus (Hook.) M.E. Jones 
S. Wats. 
A. frigidus var. LittoraLis (Hook.) A, umbellatus Bunge 
S. Wats. 
_A , giganteus sensu SheLd. A. aLpinus L. 
_A . glabriuscuLus (Hook.) A. Gray A. australis  (L.) Lam. 
A. glabriuscuLus var. major A. Gray A. australis  (L.) Lam. 
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A. ~LabriuscuLus var, spatiosus Sheld. 
A. ~oniatus Nutt. 
A_. gormani Wight. 
A. gynophoraria Tidestr. 
A_. hypoglottis sensu authors 
A_. hypoglottis (3 dasyglottis (Fisch.) 
Ledeb. 
A. hypoglottis (3 polyspermus T. and G. 
A_. Laxmanni Nutt. 
A. linearis  (Rydb.) Porsild 
A_. lepagei Hult. 
A_. littoraiis  (Hook.) Cov. and Staudt. 
A_. LittoraLis (Hook.) Rous. 
A_, macounii Rydb. 
A_. minor (Hook.) M.E. Jones 
A. multiflorus (Pursh) A. Gray 
A_. nigrescens  (Hook.) A. Gray 
A, nitidus DougL. 
A, nitidus var. robustior  (Hook.) 
A_. oroboides sensu A. Gray 
A. oroboides var. americanus  A. Gray 
_A . richardsoni  Sheld. 
A. seatei  Lepage 
A_, striatus  Nutt. 
A_. striatus  f. chandonnettii (LuneLl) 
Moore 
A_. tananaicus Hult. 
A. tarletonis  Rydb . 
A. viciifoLius Hult. 
A_. virgultulus Sheld. 
A. yukonis M.E. Jones 
ATELOPHRAGMA 
A_. aboriginorum (Richards.) Rydb. 
A. aboriginum (Richards.) Rydb. 
A. alpinum (L.) Rydb. 
A. atratum  Rydb. 
A. coltieri  Rydb. 
A_. elegans (Hook.) Rydb. 
A_. forwoodii (S. Wats.) Rydb. 
A_. ~labriusculum (Hook.) Rydb. 
_A , harringtonii  Rydb. 
A_. lineare  Rydb. 
A_. macounii (Rydb.) Rydb. 
A. wilLiamsii (Rydb.) Rydb. 
COLUTEA 
A. austratis (L.) Lam. 
A, dasyglottis Fisch. 
A. williamsii Rydb. 
A. nutzotinensis Rous. 
A. dasyglottis Fisch. 

























adsurgens ssp. robustior  (Hook.) Welsh 
austratis  (L.) Lam. 
austratis  (L.) Lam. 
umbellatus Bunge 
umbellatus Bunge 




adsurgens ssp. robustior  (Hook.) Welsh 
adsurgens ssp. robustior  (Hook.) Welsh 
eucosmus Robins. 
eucosmus Robins. 
austratis  (L.) Lam. 
eucosmus Robins. 
adsurgens ssp. robustior  (Hook.) Welsh 
adsurgens ssp. robustior  (Hook.) Welsh 
adsurgens ssp. viciifoLius (Hutt.) Welsh 
dasyglottis Fisch. 




A_. austratis  (L.) Lam. 
A. austratis  (L.) Lam. 
A. aLpinus L. 
A. bodini SheLd. 
A. robbinsii (Oakes) A. Gray 
A. eucosmus Robins. 
A. austratis  (L.) Lam. 
A. austratis  (L.) Lam. 
A, harringtonii  (Rydb.) Hutt, 
A. austratis  (L.) Lam. 
A. robbinsii (Oakes) A. Gray 
A, wiltiamsii Rydb. 
ASTRAGALUS 
C. astragalina  Poir. A. alpinus L. 
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ERVUM 
E. multiflorum Pursh 
GYNOPHORARIA 
G. falcata Rydb. 
HOMALOBUS 
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_H. aboriginorum (Richards.) Rydb. 
_H . aboriginum (Richards.) Rydb. 
H. amblyodon Rydb. 
H. dispar (Nutt.) Nutt. 
_H. ~labriusculus (Hook.) Rydb. 
H. multifLorus (Pursh) T. and G. 
H. nigrescens  Nutt. 
_H. retusus Rydb. 
H. spatiosus (SheLd.) A. Heller 
H. tenellus (Pursh) Britt. 
OROBUS 
O. dispar Nutt. 
OXY TROPIS 
O. polaris Seem 
PHACA 
_P. aboriginorum (Richards.) Hook. 
_P. adsurgens (Pali.) Piper 
P. agrestis  (Dougl.) Piper 
P. alpina (L.) Piper 
P_ . americana (Hook.) Rydb. 
P. andina Nutt. 
_P. astragalina DC. 
_P . australis  L: 
P. bodini (SheLd.) Rydb. 
P. elegans Hook. 
P. elegans R minor Hook. 
_P. frigida (3 americana Hook. 
_P. frigida y littoralis  Hook. 
_P. ~LabriuscuLa Hook. 
_P. hypoglottis, sensu MacMitl. 
P. littoralis  (Hook.) Rydb. 
_P. nigrescens Hook. 
_P. parviflora Nutt. 
_P. polaris (Seem ex Hook.) Rydb. 
P. robbinsii Oakes 
P. Yukonis (M. E. Jones) Rydb. 
ASTRAGALUS 
A, tenellus Pursh 
ASTRAGALUS 
A, nutzotinensis Rous. 
ASTRAGALUS 
A. australis  (L.) Lam. 
A. australis  (L.) Lam. 
A. polaris Seem ex Hook. 
A, tenellus Pursh 
A. australis  (L.) Lam. 
A. tenellus Pursh 
A. tenellus Pursh 
A. bodini SheLd. 
A. australis  (L.) Lam. 
A. tenellus Pursh 
ASTRAGALUS 
A. tenellus Pursh 
ASTRAGALUS 
A. polaris Benth. ex Hook. 
ASTRAGALUS 
A, australis  (L.) Lam. 
A. adsurgens ssp. robustior (Hook.) Welsh 
A. dasygLottis Fisch. 
A. alpinus L. 
A. ame ricanus (Hook.) M.E. Jones 
A. alpinus L. 
A. alpinus L. 
A. australis  (L.) Lam. 
A. bodini SheLd. 
A. eucosmus Robins. 
A. eucosmus Robins. 
A. americanus (Hook.) M.E. Jones 
A. umbeLlatus Bunge 
A. australis  (L.) Lam. 
A. dasygLottis Fisch. 
A. umbeLlatus Bunge 
A. tenellus Pursh 
A_. eucosmus Robins. 
A. polaris Seem ex Hook. 
A. robbinsii (Oakes) A. Gray 
A. bodinii SheLd. 
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PHYSONDRA ASTRAGALUS 
P. dispar (Nutt.) Raf. A. teneLLus Pursh 
TIU M ASTRAGALUS 
T. aLpinum (L.) Rydb. A, alpinus L. 
TRAGACANTHA ASTRAGALUS 
T. aboriginum (Richards.) Kuntze A. austraLis (L.) Lam. 
T. aLpina (L.) Kuntze A, alEinus L. 
T. polaris (Seem ex Hook.) Kuntze A. polaris Seem ex Hook. 
T. tenella (Pursh) Kuntze A. tenelLus Pursh 
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HYDRAULIC CHARACTERISTICS OF AQUIFERS OF THE 
MISSOURI RIVER FLOODPLAIN NEAR HORNICK, IOWA 1
G.H. Kriz and H.P. Johnson2
ABSTRACT. Two irrigation wells Located in the flood -
plain of the Missouri River near Hornick, Iowa were 
subjected to pumping to sts to determine the hydraulic 
characteristics of the aquifer located about 70 to 110 
feet below the surface. Pumping rates and rates of 
drawdown in observation wells located 43 feet to about 
3000 feet from the pumped well were obtained. The 
coefficient of transmissibility computed by the equi-
librium method was 310, 000 gal~day~ft for one well and 
505, 000 gal~day~ft for the second well. The average 
value of the coefficient of storage for the well with 
the lower coefficient of transmissibility was 0.0005, 
which is within the artesian aquifer range. 
INTRODUCTION 
The Luton-ALbaton soil series includes about 262, 000 acres in the 
Missouri River FLoodpLain. These soils have been formed from sedi-
ments dropped from trapped waters after floods receded. Most areas of 
the Luton soil are in the eastern part of the fLoodplain some distance 
from the present channel of the river. The soil surface is noncalcareous 
black clay. This clay extends to a depth of 10-20 inches (5). Lenses of 
sand are scattered throughout the first 40 feet of the clayey alluvial 
material. A deep layer of sand and gravel lies between this top layer 
and the bedrock which is approximately 120 feet3 from the surface. 
The increase in irrigation of field crops in the Missouri River bottom- 
Land has Led to the installation of numerous irrigation wells. Knowledge 
of the aquifer and its characteristics are essential in Locating these 
welts so that maximum beneficial use of one well can be obtained with a 
minimum of interference with neighboring wells. This paper presents a 
summary of the aquifer characteristics as defined by pumping tests in 
two welts located in the Missouri River bottomland. 
i Journal Paper No. J-4461 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1003. 
t The authors are, respectively, National Defense Fellow, University of 
California, Davis, formerly Graduate Assistant, Iowa State University, 
Ames; and Professor of Agricultural Engineering, Iowa State Univer-
sity, Ames . 
s Steinhilber, Walter. United States Geological Survey (USGS), Iowa City, 
Iowa. Information on depth to bedrock. (Private communication, 1961 ) 
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REVIEW OF TERMINOLOGY 
Drawdown in a well depends upon rate of pumping, well geometry, 
type of aquifer, and the coefficients of transmissibility and storage of 
that aquifer. The two general types of aquifers are the confined aquifer 
and the unconfined aquifer. A confined aquifer is a body of ground water 
overlain by material sufficiently impervious to sever free hydraulic 
connection with overlying ground water except at the recharge areas. 
An unconfined aquifer is an aquifer in which a water table serves as the 
upper zone of saturation. 
The term "coefficient of transmissibility" was introduced to ground 
water hydrology by Thies (4) in 1935. The coefficient of transmissibility 
is expressed as the rate of flow of water, at the prevailing water tem-
perature, in gattons per day through a vertical strip of the aquifer under 
a unit hydraulic gradient. The coefficient of transmissibility may be 
determined by field observations of the drawdown in observation wells 
Located within the radius of influence of a well pumped at one discharge. 
The coefficient of storage is the volume of water (measured outside the 
aquifer released or stored divided by the product of the area of the 
aquifer surface over which the head change occurs and the component 
of head change normal to that surface. The modified nonequilibrium 
drawdown method devised by Jacob (1~ is one of several nonequilibrium 
methods used to determine the coefficient of transmissibility and the 
coefficient of storage. The equilibrium method as modified by Theim (3~ 
may be used to determine the coefficient of transmissibility after a long 
period of pumping. 
FIELD INVESTIGATION AND RESULTS 
Fie id investigations to determine the drawdown, and the coefficients 
of transmissibility and storage of the aquifers in the Luton soil area 
were made on two farms in northern Monona County, Iowa (2). The soil 
in the area of the tests on the Leonard Muller farm (Sec. 5, West Fork 
Township is mapped as Luton clay, 0 to 1°jo slopes, with small areas of 
McPau1 silt loam, 0 to 2°jo slopes, near the drainage ditches. The irriga-
tion well that was pumped for the tests is located approximately 400 feet 
from a shallow silted drainage ditch. Except for two observation wells, 
no other wells of large capacity were located within a mite of the well 
used for the tests. The pumped welt is 18 inches in diameter with a 36 
inch diameter gravel pack. It is 100 feet deep with 36 feet of screen on 
the lower end. The depth to bedrock was assumed to be about 120 feet 
on the basis of United States Geological Survey records. The pumping 
plant consisted of a 10-inch Byron Jackson pump and a 40 hp IHC station-
ary diesel engine. A small ditch was constructed to the drainage ditch 
to dispose of the pumped water. Another well, similar in construction, 
depth and size, was tested on the Mervin Cox farm (Sec. 12, West Fork 
Township, but numerous difficulties voided much of the data obtained. 
Four observation welts, located as shown in Figure 1, were used for 
the Muller farm tests. Well 0 was an abandoned well. Well 2, approxi-
mately 70 feet deep, consisted of a 14 inch black iron pipe and sand point 
which was placed in a 4-inch hole augered with a drill operated by Soil 
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Figure 1. Plan view of observation wells on the Muller Farm. 
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Figure 2. Drawdown as a function of time since pumping was started 
for a discharge of 2150 gpm, Muller Farm. 
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Conservation Service personnel. We11s 4 and 5 were existing irrigation 
wells. The other irrigation welts were approximately the same depth as 
the pumped well. 
An electrical measuring device which could sense small changes in 
the water level was used to measure the drawdown in the observation 
wells. The discharge from the well was measured with an open end ori-
fice meter. Similar instrumentation was used for the tests of the Cox 
farm well. 
Four pumping tests were run on the Muller farm and two on the Cox 
farm. Table 1 presents a summary of the drawdowns obtained in the 
observation wells on the Muller farm at the given discharge and duration 
of pumping. Drawdown and recovery curves, and profiles of the cone of 
depression and recovery were drawn for each test. Examples of each 
are shown in Figures 2 to 5. A drawdown or a recovery curve was con-
structed by plotting the drawdown or recovery against the elapsed time 
for a given discharge. Measurements of the water table were taken im-
mediatelybefore eachtest and periodicallyduring the tests, as frequently 
as possible at the start, and at longer time intervals as the test pro-
gressed. Profiles of the cone of depression or re coverywere constructed 
by plotting the drawdown of ail wells for a specific elapsed time. 
Corrections of the drawdown and recovery readings for the initial 
water table slope were made on the Muller farm. A line connecting the 
water levels in Well 0 and We11 5 was constructed. We11 0, Well 2 and 
We11 4 were fitted to this line so they could be represented on the same 
ray from the pumped well. Since no computations were made from the 
profiles and since the primary purpose of presenting the profiles was to 
provide a general shape of the drawdown cone, the precision in the cor-
rections was not critical. 
The Jacob modified nonequilibrium method is used as an example to 
compute the coefficient of transmissibility. 
Example 1. 
Discharge of the pumped well, Q = 2150 gpm. 
Difference in drawdown over one log cycle of time. 
~h = 1.53 ft. (See Figure 6) 
T = 264 Q 
0h 
= 264 (2150) 
1.53 
= 371,000 gal./day/ft. 
The time increments selected for the Jacob modified nonequilibrium 
method represent the best straight Line fit for the period between an 
initial rapid drop in drawdown and the later reduction in slope of each 
drawdown versus time line. Measurements were not always obtained 
during the early rapid drop in drawdown. Also some of the tests were 
not of sufficient duration to observe the tester change in slope of the 
drawdown -time line. The nonequilibrium methods could not be used 
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Figure 3. Recovery as a function of time since pumping was stopped 
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Figure 4. Profile of the cone of depression for a discharge of 
2150 gpm, Muller Farm. 
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Table 1. Summary of the drawdowns for a given discharge and dura-
tion of pumping for the Muller farm. 
Distance from Pumped Well 
Discharge Duration Well 0 Well 2 b9e11 4 Well 5 
gpm hours 43 feet 600 feet 1690 feet 2952 feet 
2325 26 8.75 3.50 2.50 1.30 
2325 40 8.87 3.65 2.20 1.45 
2150 23 8.17 3.28 1.94 1.25a
1775 18 6.47 2.44 1.66 0.93 
aApproximate value 
for calculations of the coefficients of transmissibility and storage in 
Test 1 on the Muller farm or for either test on the Cox farm because of 
interruptions in the pumping tests. 
Table 2 contains the coefficients of transmissibility as computed by 
the Jacob modified nonequilibrium method and the equilibrium method. 
It also contains the coefficient of storage for the Muller well aquifer. 
The time given in Table Z for the equilibrium method is the elapsed time 
since pumping was begun, the time when all the wells were at the maxi-
mum drawdown (see Figure 7~. The following calculation is a typical 
example of the equilibrium method. 
Example 2. 
Discharge of the pumped well, ~ = 2150 gpm. 
Distance to the observation wells, R2 = 2952 ft. 
r1 = 43 ft. 
Difference in drawdown of the observation wells, 
sl  - s2 = 6.9 ft. 
T = Q(ln r2/rl) 
2~r(s1 - s2) 
_ (2150) (1440) (ln 2952/43) 
2 (6.9) 
= 301,200 gal./day/ft. 
DISCUSSION 
The equilibrium method gave consistent results in the determination 
of the coefficient of transmissibility for all the tests on the Muller farm. 
The value of the coefficient of transmissibility, as measured by the non-
equilibrium methods, was least at the observation well nearest the 
pumped well and increased to a maximum at the farthest observation 
well. Wenzel (6) observed the same results in pumping tests in Kansas 
and Nebraska. Wenzel suggested that this variation was the result of the 
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Figure 5. Profile of the cone of recovery for a discharge of 
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Figure 6. Drawdown as a function of time since pumping was started 
for well 0, Muller Farm. 
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Figure 7. Drawdown as a function of distance from the pumped well for 
all pumping tests, Muller Farm. 
slow drainage of the unwatered material. The slow drainage altered the 
form of the drawdown curve from its theoretical form by making it rela-
tively too steep for a time after pumping was begun, and relatively too 
flat toward the end of the period of pumping. Only the equilibrium method 
was applied to the Cox farm data. The same value for the coefficient of 
transmissibility was obtained for both tests. 
The values for the coefficient of transmissibility for the well nearest 
the pumped well, as computed by all methods, were nearly the same. 
This indicated that equilibrium had almost been established in this well 
when pumping stopped. This should be the case since the difference be-
tween the drawdowns computed by the equilibrium and the nonequilibrium 
formulas is negligible when the period of pumping is large. 
The amount of drawdown at a given observation well varied with the 
discharge and duration of pumping. The radii of influence of the pumped 
wells were large but the drawdowns were small at the greater distances. 
At approximately 3000 feet from the pumped well on the Muller farm, the 
drawdown was nearly equal to or slightly greater than 1 foot for dis-
charges of 1775 to 2325 gpm (see Table 1~. As indicated by the high co-
efficient of transmissibility, drawdown around the Cox well would be less 
for the same radius, discharge, and pumping time. 
SUMMARY 
The coefficients of transmissibility and storage were obtained for an 
aquifer on the Muller farm; the coefficient of transmissibility was ob-
tained for an aquifer on the Cox farm. An average value for the coeffi-
cient of transmissibility calculated for the aquifer on the Muller farm 
was between 300, 000 gal/day/ft and 350, 000 gat/day/ft. The average 
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storage coefficient, 0.0005, definitely fell in the class of an artesian 
aquifer. A value of approximately 505, 000 gal~day~ft for the coefficient 
of transmissibility was obtained for the aquifer on the Cox farm. These 
tests indicated that the radius of influence of wells in the Luton soil 
area may be large, but the drawdown was relatively small at a distance 
greater than a mile from the pumped well. 
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INDUCED REMOVAL OF EMBEDDED 
AMBLYOMMA AMERICANUM (L.~ TICKSI
Kenneth L. KnightZ and Douglas E. Bryan3
SUMMARY. A method previously reported for comparing 
the effect of different chemicals upon the force re-
quired to detach embedded ticks was modified so that 
more standardized results could be obtained. By use 
of the modified method, 131 materials were tested 
against female lone star ticks, Ambiyomma  americanum
(L. ~ . Two materials tested were found to reduce the 
mean pulls required to detach ticks from the abdominal 
surface of guinea pigs by more than two-thirds, i.e. , 
0. 6°fo pyrethrins in methyl benzoate and camphorated 
phenol . For practical purposes either of these mate-~ 
rials could be used, although the first is slightly 
superior. In practical usage, it is recommended that 
at least ZO minutes should elapse between treatment 
and pulling. Furthermore, pull forces should be slowly 
and steadily built up. 
The problems coincident with the removal of embedded adult lone star 
ticks, Amblyomma americanum (L.~, have been previously discussed by 
Knight, Bryan, and Taylor (1~. Suffice it to say that a fully embedded 
female tick of this species is extremely difficult to remove intact. Addi-
tionally, these authors tested and reported on the effect of a number of 
compounds upon the detachment of adult lone star ticks embeddedonrab-
bits' ears. Although several of the materials tested reduced the detach-
ment pull by more than half that required to remove untreated ticks, the 
applicability of these results for the removal of ticks from humans was 
in question because it was subsequently found that ticks were more diffi-
cult to remove from fleshy body areas than from the rather cartilaginous 
tissue of rabbits' ears. 
This paper reports work designed to elaborate further the general 
problem of tick detachment and to screen additional materials in the 
search for an adequate detachment agent. 
1 The opinions and assertions contained herein are those of the authors 
and are not to be construed as official or reflecting the views of the 
Navy Department or the naval service at large. 
~ Formerly U. S. Naval Medical Field Research Laboratory, Camp Le-
jeune, North Carolina. Now, Department of Zoology and Entomology, 
Iowa State University, Ames, Iowa. 
3 
Department of Entomology, Oklahoma State University, Stillwater. 
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METHODS AND MATERIALS 
The work reported here was accomplished during the months of May, 
June, July, September, and October of 1961 and of May in 1962. A11 of 
the ticks used during May, June, and July, 1961 were collected in open 
woodlands with a flannel drag and kept until needed in glass animal jars 
(8 inches in diameter by 8 inches high containing 1 inch of moist sand 
covered by 1 inch of wood shavings and closed with a glass plate. The 
ticks used during September and October, 1961 and May, 1962 were 
reared from females collected in June, 1961. 
In the rearing procedures, adult field-collected ticks were confined 
on the shaved abdomen of a guinea pig in tin capsules made from the 
threaded end rings and screw-on lids of cardboard mailing tubes, 38mm 
in diameter, as described by Jellison and Philip (2~. This method 
utilizes an adhesive-tape girdle to hold the capsule tightly against the 
abdominal skin. Six mates and 12 females were placed in each capsule. 
The females were allowed to feed to repletion and drop off. They were 
then stored individually in containers made by stretching cellophane over 
an open circular cardboard pillbox and replacing the lid. Careful use of 
a razor blade in cutting the paper disk of the cover exposes the cello-
phane as a window, sealing the ticks within. These boxes were stored 
above water in a closed desiccator jar. The eggs, which were laid in 
these boxes, were allowed to remain there until after hatching occurred. 
Approximately two weeks after hatching, the larvae were fed. For 
this, a rabbit was clipped along the back and on the head and neck, anes-
thetized with Pentobarbital Sodium, and placed in a muslin bag closed 
with a drawstring. The larvae from three or four boxes were brushed 
into this bag and the bag tightly closed and placed inside of a small 
animal cage. Most of the larvae have attached by the time the rabbit 
recovers. Very light feeding and watering of the host animal will insure 
a sufficiently clean bag interior. At room temperature, most of the 
larvae have fed and dropped from the animal by the fourth day. To trans-
fer the ticks, the bag was turned inside out onto a white surface and the 
fed larvae transferred to polyethylene tubes (80 mm long by 32 mm in 
diameter with a small damp brush, several hundred being placed in each 
tube. The tubes were closed with muslin held in place with a rubber 
band and stored over water in a desiccator until the transformation to 
nymphs was complete and the nymphs were about two weeks old. At this 
time they were placed on rabbits in the same manner as described for 
the larvae. After completion of feeding and dropping from the host, the 
nymphs were transferred to jars similar to those used for storing field-
collected adults. Molting to the adult stage occurred in these jars. The 
adults were held there until needed, in one case as Long as 10 months. 
Guinea pigs were used as the experimental animal in the routine 
screening of potential tick-detachment agents. Because of reports that 
ticks are more reluctant to attach to animals that have already been fed 
upon by ticks (3, 4), no guinea pig was used more than once. Adult ticks 
were applied to the host animal in the same manner as described pre-
viously under rearing techniques, except that four capsules (26 mm in 
diameter, instead of one, were placed in each tape girdle. The anes-
thetizing of the guinea pig will aid considerably in accomplishing this 
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procedure. Approximately 5 males and 25 females were placed in each 
:a,;~~f=. ~We 6a~rs lal~r bhp ~~dsul~s mpr~ o0~~pd and afl M ~I~C:.ed 
ticks were removed. The animal will usually have recovered from the 
anesthesia by this time. Twenty hours from the time the ticks were 
first placed on the animal, the tape belt with the capsules was removed, 
leaving the four groups of attached ticks exposed and ready for treat-
ment and pulling. It was assumed that these ticks had been attached for 
a minimal period of 18 hours. 
After removal of the tape belt, the animal was secured abdomen-up 
in a V-shaped holder by means of two pieces of masking tape. At this 
time, the degree of attachment of all female ticks was determined by 
microscopic examination. Ticks were considered to be fuL1y attached 
when the hypostome was so deeply inserted as to cause the palpi to lie 
outspread on the skin surface. Ticks showing a lesser degree of attach-
ment were immediately removed. Since it had been Learned previously 
that less force was required to remove males than females, only females 
were used. Males were included in the capsules simply in case their 
presence might have a salutary effect upon the attachment of the females. 
The previously described device for measuring the forces required 
to remove imbedded ticks (1~ was modified so that the weight was moved 
mechanically along the beam (Fig.l~, instead of by hand as was pre-
viously the case. In this modification, a reversible synchronous gear 
motor was mounted under the beam between the two knife edges on which 
the beam balanced. By means of a continuous small roller chain mounted 
on the sides of the weight-bearing half of the beam, this motor moved a 
weight at a constant rate of speed along the beam away from the point -
of -balance. After a tick was tied to the other end of the beam, a switch 
activating the motor was turned on and the weight moved outward along 
the beam (increasing weight on the tick at the rate of 5.55 grams each 
second. When the tick detached, the upward swing of the beam-end 
attached to the tick contacted a switch which caused the motor to reverse 
immediately and to bring the weight back to the point-of -balance. A 
slide, which had been pushed along the beam by the weight, marked the 
furthermost position reached by the weight. This end of the beam was 
ruled with marks one-half centimeter apart and numberedoutwardly from 
the point -of -balance. The force of the pull was read from the position of 
the slide on the scaled beam. The pull readings from the beam were 
calibrated in grams. The minimum and maximum pulls possible were 
8 and 503 grams respectively. 
Ticks were attached to the bar in the same manner as in the previous 
work (1~ except that the thread was fastened to the end of the bar by 
wrapping it around a tension screw mounted there. Formerly, during the 
pulling process the ends of a pair of forceps were pressed against the 
skin of the host animal on either side of the tick in such a manner as to 
restrict the upward movement of the skin when tension was applied to the 
tick. This method was improved upon here by attaching a flat plate to 
either side of the forceps' jaws. A semicircular opening was cut on the 
adjacent margins of these two plates in such a manner that they could be 
closed around the tick's mouthparts (Fig. Z~. When force was applied to 
the tick, the use of this instrument greatly restricted the upward evagin-
ation of the mouthparts-bearing skin. 
uo~ uu~cuT a~a ~aV~~ 
Figure 1. Device used for pulling ticks. 
Figure Z. Forceps used for holding down skin of host while pulling ticks. 
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Liquid chemical agents were applied individually to ticks with a syr-
inge calibrated in hundredths of a milliliter. A small drop was applied 
to the dorsal surface of each tick. The time interval between treatment 
and the beginning of the pulling was 10 minutes. Once pulling was begun, 
the ticks were pulled one after another until none of the group remained. 
The time of each pull was recorded so that .the Length of the interval 
elapsing between treatment and pulling could be determined. In comput-
ing the mean pull and presenting the pull range, all ticks that detached 
voluntarily were excluded from the calculations. Atl items were tested 
at full strength, unless otherwise specified. 
To serve as controls, 10 untreated ticks from the four groups of ticks 
on each guinea pig were pulled indiscriminately. In most cases, a dif-
ferent compound was tested on each of the four groups of ticks. While 
treating and pulling one group of ticks, the other groups were kept 
securely covered with gauze taped to the abdomen of the host animal. 
Insofar as known, this successfutly prevented the occurrence of cross -
contamination. 
To determine the effect of length of time attached to the host upon 
detachment pull, a separate experiment was conducted in which untreated 
ticks were pulled after a series of 13 attachment intervals ranging from 
1 to 32 hours. To reduce the possibility of delayed attachment, capsules 
were opened 30 minutes following first placement of the ticks on the host 
and all ticks remaining unattached at that time were removed. In this 
particular test, ticks were pulled .without regard to their degree of 
attachment. 
RESULTS 
Up to 24 hours, detachment pull forces increased directly with a 
Lengthening of the attachment period. Beyond that time interval no in-
crease in pull force occurred (Tab 1e 1). 
Table 1. Effect of length of time attached to host on pull required to 




Mean pull in grams (18-21 female ticks in each reading) 
Hours from time of approximate attachment 









179 214 225 
223 266 218 
221 223 267 
322 336 314 
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In all, a total of 563 untreated ticks, each presumably attached for a 
minimum period of 18 hours, were detached. The average force re-
quired to remove these ticks was Z82 grams, with a range of 88 to 431 
grams. Variation within sets of untreated ticks pulled from a single 
animal ranged from 103 to 263 grams, with a mean range of variation of 
182 grams for all untreated ticks. 
Eighty-five of the untreated ticks were pulled in September and Octo-
ber, 1961. Because observation seemed to indicate that these pulled 
easier than the others, the pull data were separated into three groups, 
May-July of 1961, September -October of 1961, and May of 1962, and the 
means and standard deviations for each of these groups were computed. 
Additionally, the 95°/o confidence limits for the three means were calcu-
lated. This information is reported in Table 2. It can be seen that the 
ticks used in September -October pulled significantly easier than those 
used in May-July. 
Table 2. Comparison of forces required to remove untreated females 
of _A . americanum from experimentally-infested guinea pigs 
(ticks attached for minimum of 18 hours). Data further divided 










limits of mean 
Combined 
controls. 
563 88-431 282 65 276-287 
Field-
collected 






85 88-431 251 68 238-265 
Oct., 1961 
Laboratory-
reared 90 187-413 294 52 284-305 
May, 1962 
In the general testing, 131 different compounds or formulations were 
tested against female A, americanum ticks embedded on the abdomen of 
guinea pigs. The results, presented as the means of the pulls made 
during the time intervals of 10 to 22 minutes and 23 to 34 minutes follow-
ing treatment are summarized in Table 3. The materials tested are 
listed alphabetically in a manner similar to that used by King (5). The 
mean for the untreated ticks pulled from the same host animal is given 
after the treatment means. 
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Tab Le 3. Comparison of forces required to remove ticks L , americanum) treated 






Mean force in grams needed 








Acetic acid glacial` 10 23 - 300 0 
Acetone 8 262 - 3ZZ 0 
Allethrin, 90.0% 13 262 284 285 13 
Ammonium hydroxide 12 173 139 285 0 
Anethol 13 258 206 300 0 
(Benzene 11 324 139 Z78 0 
Benzoin compound tincture 11 281 306 307 0 
Camphor, 10.0% in ethyl alcohol 10 238 267 270 0 
Carbon tetrachloride 8 187 - 263 0 
Chloroform 14 199 108 322 0 
m-Cresol's 21 51 61 263 0 
p-Cresol, 6.Z5% 14 125 74 Z92 0 
p-Cresol, 1Z.5%~` 17 105 69 292 0 
p-Cresol, 25.0%~` 16 119 127 292 0 
p-Cresol, 50.0%~` 16 131 99 292 0
p-Cresol 16 92 41 263 
0 
m-Cresol, tert-butyl- 13 125 83 278 
0 
Creosote, beechwood~ 16 48 Z2 3Z9 
6 
Cyclohexanol, 2-phenyl- 12 254 276 263 6 
(70. 0%) and cyclohexanol, 
2-cyclohexyl- (30.0%) 
p-Cymene, 6.25% 9 320 251 292 0 
~-Cymene, 12.5% 12 284 190 Z92 0 
p-Cymene, 25.0% 19 132 212 292 0 
~-Cymene, 50.0% 17 117 81 292 0 





Mean force in grams needed 








Deet (diethyltolua.mide) 10 286 251 212 23 





Dicarboximide, (cis endo) 
(mixed), x-methyl-N- 
pentylbicyclo [2.2.1] hept-5- 
ene-2, 3- 
10 322 253 278 0 
Dicarboximide, N-octyl 
bicycloheptene 
12 211 219 263 13 
Dimethyl carbate 11 255 261 285 0 
(Bicyclo [2.2.1] -5-heptene-
2, 3-dicarboxylic acid, cis-, 
dimethyl ester) 

















Ether 10 145 71 278 0 
Ether, bis (2, 3, 3, 3- 
tetrachloro-propyl) 
11 326 248 300 0 
Ethyl acetate 13 205 103 278 0 
Ethyl alcohol 9 284 206 270 0 
(Alcohol, anhydrous ) 
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Mean force in grams needed 








Ethylene glycol, monoethyl ether 9 131 117 285 0 
Eucalyptol 15 168 95 285 6 
Eugenol 9 241 285 292 10 
Fencholic acid 11 254 300 270 11 
Fenchone 14 243 82 278 
22 
2-Fenchyl alcohol 14 218 98 263 0 
Formaldehyde solution 11 237 216 278 0 
~ Formic acid, 3.33% 12 241 221 278 
0 
Formic acid, 6.25% ~ 14 140 107 278 0 
Formic acid 10 17 - 278 0 
Geraniol 13 234 279 285 0 
Indalone (2H-Pyran-6-carboxylic 
acid, 3, 4-dihydro-2, 2- 
dimethyl-4-oxo-, butyl 
ester). 
10 292 229 300 0 
Iodine 11 246 175 278 0 
Isoamyl salicylate 12 212 331 322 0 
Isoparaffin /np~etroleum fractions 17 143 130 307 0 
(Soltrol V 130) 
Isoparaffin petroleum fractions 12 250 320 307 0 
(Soltrol 170) 
Isoparaffin petroleum fractions 14 246 209 307 0 
(Base Oil No. 1) 
Kerosene, deodorized 7 290 - 322 0 
Lanolin 11 240 269 300 0 
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TABLE 3 (Continued) 
Materials tested 
Numb e r 
of 
ticks 
Mean force in grams needed 







M-1960 (2-butyl-2 ethyl-1, 
3-propanediol, 30.0%; benzyl 














Methanol 8 289 284 307 0 
Methyl benzoate 49 62 55 292 3 
Methyl salicylate 11 167 138 292 4 
Naphtha, solvent (Petroleum 
ether ) 











Oils, Abies alba, from needles 14 222 169 278 22 
Oils, bay 27 60 65 322 0 
Oils, birch tar rectified 15 115 46 278 0 
Oils, camphor-sassafrassy 17 106 109 256 17 
Oils, castor 10 275 267 300 0 
Oils, cedar 11 276 329 307 0 
Oils, cedar leaf 12 92 115 278 8 
Oils, chenopodium 10 96 322 9 
Oils, cinnamon 9 296 272 285 19 
Oils, citronella, Formosa 16 263 212 322 0 
Oils, clove 12 309 152 322 0 
Oils, cod-liver 10 324 258 300 0 
Oils, coriander 14 247 101 285 13 
Oils, hemlock 11 203 262 278 15 
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Mean force in grams needed 







Oils, juniper 14 228 I72 278 11 
Oils, lemon 13 210 193 285 12 
Oils, mountain laurel 16 224 50 322 4 
Oils, mustard 14 109 112 322 0 
Oils, peppermint 11 182 191 263 21 
Oils of Pinus sylvestris 16 124 194 322 0 
Oxalic acid 10 239 2 05 270 0 
Petrolatum, light liquid 7 3 03 228 300 0 
Phenetole 14 149 175 278 13 
Phenol, 6. 7°Je aqueous solution 18 120 101 300 0 
Phenol, o-allyl-, 6..25% 18 103 116 278 0 
Phenol, o-allyl-, 12.5%~` 19 112 75 278 0 
Phenol, o-allyl-, 25.0%~` 15 124 105 278 6 
Phenol, o-allyl-, 50.0%# 16 147 54 278 0 
'henol, o-allyl-~ 16 71 66 270 0 
~-henol, camphorated (3:6:3 
parts of phenol, camphor 




















10 310 241 314 b 
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Mean force in grams needed 











Piperonyl butoxide (Toluene, 
alpha-[2-(2-butoxyethoxy) 
ethoxy ] -4, 5- 
methylenedioxy-2-propyl-) 
Pyrethrins, 0. 6%,in birch 
tar rectified 
Pyrethrins, 0. 6%, in eucalyptol 
Pyrethrins, 0. 6%, in methyl 
benzoate (oil of Niobe) 
Pyrethrins, 0. 6%, in oils of 
Abies alba 
Pyrethrins, 0. 6%, in oils of 
camphor-sassafrassy 
Pyrethrins, 0. 6%, in oils of 
juniper 
Pyrethrins, 0.6%, in 
petrolatum, light liquid 
Pyrethrins, 0. 2%; Piperonyl 
butoxide, 2. 0%; isoparaffins 
(Base oil #1) 
Pyrethrins, 0. 2%; Piperonyl 
butoxide, 2, 0%; isoparaffins 
(Soltrol ~R 130) 
Pyrethrins, 0.2%; Piperonyl 
butoxide, 2, 0%; isoparaffins 










16 227 loo 285 16 
105 115 29 263 19 
39 72 59 248 26 
11 216 159 234 8 
46 135 57 241 27 
13 111 41 292 7 
39 168 81 270 20 
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Mean force in grams needed 







Pyrethrins, 0.4%; piperonyl 
butoxide, 2.0%; isoparaffins 
42 72 74 234 0 
(Soltrol ~ 170) 
Pyrethrins, 0.6%; piperonyl 
butoxide, 2.0%; isoparaffins 
44 57 50 234 0 
(Soltrol ®170) 




28 86 32 245 0 
(Soltrol ~ 170) 
Pyrethrins, 0.2%; piperonyl 
butoxide, 2.0%; kerosene 
14 95 49 227 7 
Pyrethrins, 0. 6%; in terpineol 44 172 37 241 34 
Pyrethrum extract, 20. 0% 
pyrethrins 
18 97 90 314 0 
Rotenone, 5.0% 11 355 195 285 0 
Salicylaldehyde, acetate of 7 189 90 314 0 
Succinamic acid, N, N-
diethyl-, propyl ester 
10 271 233 212 5 
Sulfide, 2-hydroxybutyl n-octyl 9 313 297 307 6 
Sulfide, 2-hydroxyethyl-tert- 
hexyl 
8 350 307 212 16 
Sulfide, 2-hydroxyethyl-n- 
octyl 
8 282 286 285 10 
Sulfide, 2-hydroxyethyl phenyl 12 240 291 300 0 
Sulfide, 2-hydroxyethyl-p-
toluene 
11 284 263 300 6 
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TABLE 3 (Continued) 
Materials tested 
dean force in grams needed 
i Number L to remove females  Voluntary 
of  Treated ~ 
detachment 
ticks 10-22 ~. 23-34 ;Untreated 
minutes: minutes i 
per cent 
Sulfoxide R (Benzene, 1-2-
tnethylenedioxy-4-[2- 















13 229 ~ 260 307 
i ~ 
0 
11 241 152 285 ~ 6 
18 1"l9 ~ 45 300 0 
9 314 Z94 2q2, 10 
10 250 341 Z78 0 
13 91 l04 300 ~ 0 i
8 335 _146 263 ~ 0 
f 
10 294 306 30G ~ 0 
j 
8 324 ': Z'r0 27S ~ 5 
147 112 292 0 
~'~ Burned skin of host animal. 
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In evaluating the materials tested, special attention was given to those 
with mean pulls in the 10-22 minute period of less than the Lowest control 
pull recorded (88 grams). There were 14 materials in this group. Of 
these, formic acid, glacial acetic acid, beechwood creosote, m-cresol, 
and o-a11y1-phenol all burned the skin of the host animal. These mate-
rials were tried at dilutions that did not produce vi sibte burns. How-
ever, at such dilutions none of them was sufficiently effective to warrant 
further consideration. 
The remaining nine materials were: methyl benzoate; oits of bay; 
camphorated phenol; 0. 2% (two formulations), 0.4°jo, 0.6%, and 0.8°jo 
pyrethrins with piperonyl butoxide (2. 0%) in isoparaffin petroleum frac-
tions, and 0. 6% pyrethrins in methyl benzoate. To compare accurately 
their relative effectiveness, six (the 0.2 and 0.4ojo pyrethrins mixtures 
were excluded) of these materials were retested in May, 1962. In the 
retesting work, the first tick was pulled 10 minutes after treatment and 
pulling was continued until 34 minutes following treatment. Ticks were 
putted at the rate of 10 during the time interval of 10-22 minutes and 10 
during the interval of 23-34 minutes. Each material was tested on four 
different guinea pigs (40 pulls for each material for each time zone). 
The data are summarized in Table 4. 
Table 4. Comparison of forces required to remove female A. americanum
from experimentally-infested guinea pigs treated with materials 
found to be best in general screening program. 
Materials tested 
Mean force in grams needed 







pyrethrins, 0.6%, in 
methyl benzoate 
66 65$ 303 5 
Phenol, camphorated' 88 39 Z98 4 
pyrethrins, 0.8%; 
piperonyl butoxide, 2.0%; 
isoparaffins (Soltrol L''170) 
111 73 303 10 
Methyl benzoate' 117 54 298 10 
pyrethrins, 0.6%; 
piperonyl butoxide, 2. 0%: 
12Z 61 301 7 
isoparaffins (Soltrol R' 170) 
Oils, bays 194 77 304 1 
~ The two treatment means are significantly different at the 1% level for each 
of these materials. 
~ None of the six means in this column differ significantly from one another at 
the 1% level. 
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This experiment was arranged as a six by two factorial design (six 
chemicals tested by two periods of puliing~. The data were analyzed by 
analysis of variance. The initial analysis of the datayielded a significant 
F ratio for the between-groups variance (F = 9.58, which for 11 and 468 
degrees of freedom is significant well beyond the 1% Ievel~. Further 
analysis of the between-groups variance into the three components of 
time, material, and interaction yielded significant F ratios for all three 
sources (significant beyond the 1% level. 
The per cent of voluntary withdrawals is reported in Table 3 for all 
materials tested. Deet; fenchone; oils ofAbies a1ba; oils of peppermint; 
and 0.6%pyrethrins in methyl benzoate, in oils of camphor-sassafrassy, 
in tight liquid petrolatum, and in terpineol all caused 20%or morevotun-
tary detachment. 
DISCUSSION 
The most desirable tick-detachment agent would be one that would 
cause a tick to detach voluntarily as soon as treated. Although voluntary 
detachment rates as high as 34% were obtained, no material dependably 
produced a voluntarydetachment rate of practical significance. Although 
plausibly theorized upon by Gregson (6), the actual mechanism of volun-
tary detachment is still not understood, and could profitably be the sub-
ject of further research. 
In the absence of an agent which will cause voluntary detachment, it is 
necessary to look for materials which when applied to ticks will reduce 
detachment pull forces to the point where they remove the tick both 
painlessly (to the host and intact. Regarding removal of the tick in an 
intact condition, it has been found that the most tightly attached tick (446 
grams was the highest detachment pull recorded can be removed intact, 
provided the pull force is built up gradually. The tick-pulling device 
used in this work required 1 minute to produce a pulling force of 333 
grams. Because of this slow steady build-up, mouthparts were almost 
never Left in the skin of the host. Of course, the average individual will 
not be content to spend up to 1 -1~2 minutes dragging a tick free, par-
ticularly since this begins to be painful when pull forces increase to 200 
grams or more. Although no applicable controlled data are available, 
experience indicates that pull forces below 88 grams will permit the 
painless quick lift-off of the intact tick. 
In the process of screening potential tick-detachment agents, it was 
found that the amount of elapsed time between treatment and pulling was 
a critical factor. Although voluntary detachment normally takes place 
in the first 1-3 minutes, a decrease in pull forces does not begin for at 
least 10 minutes, and with most of the materials tested did not become 
significant until after 20 minutes. For this reason, means were com-
puted for the ticks pulled during two time zones following treatment, 
i.e., 10-22 minutes and 23-34 minutes. 
Of the six materials rated sufficiently good to be retested, all of them 
gave mean pulls for the 23-34 minute time zone of less than 80 grams. 
However, proceeding on the belief that to be practical a material should 
act as quickly as possible, the results obtained in the 10-22 minute time 
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zone were given the principal attention. Upon retesting the better mate-
rials, only two of them gave mean pulls of 88 grams or less in this time 
zone (a reduction in pull force of more than two-thirds, i.e. , 0. 6% 
pyrethrins in methyl benzoate and camphorated phenol. The first of 
these materials was significantly better at the 1°jo level than any other 
except camphorated phenol and 0. 8% pyrethrins in isoparaffins. This 
would be the material of choice, however, since camphorated phenol was 
significantly better at the 1% level only from the Last of the six, oils of 
bay. It should be borne in mind that the pull forces given for these 
materials are means and that considerable variation occurs. Because of 
this and because the range in pull forces decreases in the 22-34 minute 
time zone, at least 20 minutes should be allowed to elapse before pulling 
a treated tick. Whether these results are applicable in the removal of 
attached A_, americanum females from humans is not known. 
The pyrethrins mixture was made by diluting 20% pyrethrum extract 
with full strength methyl benzoate. The camphorated phenol was pre-
pared according to Martin and Cook (7~. 
As yet, nothing is known as to why some chemicals reduce tick detach-
ment pulls. Whether it is due to an effect upon the skin by the chemical, 
to the hyper -activation of the tick, to the causation of a relaxed death, 
or to a combination of such factors is not known. Research needs to be 
done on this subject. 
Laboratory-reared ticks were used in the testing accomplished in 
September and October, 1961. As stated earlier and as shown in Table 2, 
untreated ticks pulled during this period gave a significantly lower mean 
pull than the field-collected ticks used earlier. It was thought that this 
was due to a lower vitality because of being laboratory -reared. How-
ever, ticks from the same lot were used in the work in May, 1962 and 
as can be seen from Table 2, no significant difference occurred between 
them and the field-collected ticks. It is likely that the ticks attached 
more diffidently in the fall because it is not normal for A_. americanum
adults to feed until spring (8). 
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PREDICTION OF SOIL MOISTURE UNDER OATS 
FOR THE SPRING PERIOD1
R.H. Shawl
ABSTRACT. Soil moisture was predicted under oats for 
the April -June period, 1954-60. Soil moisture samples 
taken in mid -April were used as the starting point. 
Potential evaporation was estimated from class -A open 
pan data. These values were converted to actual evapo-
transpiration using factors which depended upon the 
stage of development of the oats. Rooting depth and 
moisture stress factors were considered. Estimated 
June soil moisture values were checked against actual 
soil moisture data. The correlation between actual 
and predicted values was 0.98. 
One of the most important factors in the production of any crop is the 
supply of plant-available soil moisture. There are numerous references 
on different methods of predicting evaporation and transpiration (1, 7, 10), 
but little work has been done on predicting the availab le soil moisture 
under different crops. This study is a continuation of one developed to 
predict soil moisture under corn (4, 8). Since the pattern of development 
of oats is different from that of corn, it was necessary to modify certain 
of the corn techniques for use with oats. 
To check a prediction technique such as the one discussed here, field 
data on soil moisture are required. Although only a limited number of 
samples have been taken from oat fields during the period of the Iowa 
State soil moisture surveys, 47 locations in oat fields were sampled in 
both April and June during the period 1954-60. At these locations soil 
moisture was measured by 1-foot increments down to a depth of 5 feet. 
No oat fields were sampled during the August surveys. A detailed ex-
planation of the sampling location and procedure used has been given 
elsewhere by Shaw (8). 
METHODS 
To predict available soil moisture between periods, the wilting point 
and field capacity of a soil must be known. These values were deter-
mined for each sampling site. Also, the amount of moisture added to the 
soil must be known. The Latter requires a measurement of precipitation 
1 Journal Paper No. J-4490 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1276. This work par-
tially supported by U.S. Weather Bureau Contract Cwb-10278. 
z Professor of Agricultural Climatology, Agronomy Department, Iowa 
State University, Ames, Iowa. 
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and an estimation of the runoff from each storm. Browning, e_t aL. (3) 
found that the runoff from land planted to oats was the same in April 
as from land in continuous corn. In May runoff from oats was slightly 
greater and in June, much. less, than runoff from cornlands. The pro-
cedureused for computing runoff for oats was similar to that for corn (8). 
Runoff for the period from planting to seedling emergence was computed 
using Figure 1 and the antecedent precipitation index (API). 
API = 
P l + P Z + +Pi + Po 
D l D y Di Z 
Pi is the precipitation which occurred i days prior to the day being con-
sidered, Di is the corresponding number of the day and Pp is the precip-
itation amount for which runoff is being computed. P o is used only when 
the precipitation was 1 inch or more. After seedling emergence, less 
runoff should occur because of the increasing crop cover; so, for this 
period, the API formula was changed to: 
API = 
P 1 + P Z + + Pi 
D1 D Z Di (2~ 
This index was assumed to apply relatively well until early June when 
the final samples were taken. For each day when rain occurred, runoff 
was computed using the proper API index, and the amount of precipita-
tion remaining was added to the soil mgisture. It was assumed that each 
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Figure 1. Prediction of runoff from precipitation and antecedent 
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Moisture toss from the soil surface early in the season occurs by 
evaporation only. After seedling emergence, water loss occurs by 
evapotranspiration. In this study, the date of seedling emergence was 
used as a reference point. Where specific seedling. emergence data were 
not available, the time of emergence was estimated from information in 
the Iowa Weekly Weather and Crop Bulletins (12). 
Rooting patterns of oats no doubt vary with seasons and varieties. 
Data from Wisconsin (6) showed that, in oat fields planted on May 4, 
some soil moisture extraction occurred to 12 inches by 45 days after 
planting, to 18 inches by 50 days, to 24 inches by 42 days and to 36 inches 
by 58 days. These data indicated that roots penetrated from 12 inches 
to 36 inches in 14 days, or 1 foot per week. Because of the relatively 
Late planting date, the temperatures during this experiment were con-
siderably higher than those normally present in Iowa at comparable 
stages of development. 
Stucker and Frey (9) showed that, by the boot stage (8 weeks after 
seedling emergence, the dry weight of roots in the top 24 inches was 
the same as at maturity. There was a difference in the rooting pattern 
of different oat varieties, but, for Corn Belt varieties, over 60% of the 
root dry weights was in the top 4 inches of soil. 
It was assumed, rather arbitrarily, for this study, that rooting was 
restricted within the top 6 inches for 3 weeks after seedling emergence, 
after which the rate of penetration was 6 inches a week. On this assump-
tion, rooting depth was 12 inches 4 weeks after seedling eme rgence, 18 
inches at 5 weeks, 24 inches at 6 weeks, etc. Thus, oat plants that 
emerged on May 1 would be rooted to 30 inches by the middle of June, 
the latest calendar date used. This assumption agrees with data of 
Browning (2) and Browning e_t al. (3~ which showed a decrease in soil 
moisture in the 24-36 inch depth from May to June and, in some years, 
showed the available moisture at that depth to be exhausted by the July 
sampling. 
The water lost by evaporation and evapotranspiration was computed 
using the following assumptions: 
1 . Loss was by evaporation and evapotranspiration at the rate of 0. 1 inch 
per day, through the period-emergence + 2 weeks. Loss was re-
stricted to the top 6 inches. 
2. After this period (emergence + 2 weeks, loss was by evapotranspira-
tion from the rooting depths previouslydiscussed. Evapotranspiration 
loss was computed using open pan data as the measure of the evapora-
tion potential.. Average daily pan evaporation (11) for each climato-
logical week was computed, and this value used for each day of that 
week. The maximum evapotranspiration rate was 0.80 x open-pan 
evaporation. This maximum rate was determined experimentally for 
corn and meadow and should be little different for oats. The maximum 
rate was maintained for as long as the root zone was 12 inches or less 
and any water was available; or the root zone was any depth and avail-
able water present in the top 12 inches. This assumption was made 
because of the very extensive root system present in the top foot of 
soil and the short distance required to move this water. 
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When available water was not present in the top foot, the degree of 
stress present determined the factor to be used. This was computed 
using the percent of plant available soil moisture in the root zone and the 
evaporation demand for the day. For example, if roots during a week 
reached to 30 inches and the available water was 0.0 in. in the top 12 
inches, 1 . 0 in. in the next 12 inches and 0. 9 in, from 24 to 30 inches, 
and field -capacities for these depths were 1.8, 1.6 and 0.8 in. the per-
cent plant available water was 
0.0 + 1.0 + 0.9 = 45% 
1.8 + 1.6 + 0.8 
Data of Denmead and Shaw (5~ on corn indicated that the amount of water 
loss was also affected by the atmospheric demand. Three curves were 
selected from their data to represent a high demand day (open-pan evapo-
ration > 0. 30 in.~, a medium demand day (0.20 to 0.30 in.~ and a low de-
mand day (< 0.20 in.~. These curves are shown in Figure 2. On a day 
with 45% of plant available water, the relative evapotranspiration rate 
compared with a day with no stress (open-pan evaporation x 0.80) would 
be 98% if a low demand day, 90% if an average demand day and 66% if a 
high demand day. 
When the rooting zone was considered to be the top 2 feet, use was 
to be 2~3 from the lst foot and 1,~3 from the second foot. Other combina-
tions tested were 1, 0; 3~4, 1~4; and 1~2, 1~2; but these did not give as 
good results. When the rooting zone was the top 3 feet, use was assumed 
to be 60% from the 1st foot, 20% from the 2nd foot and 20% from the 3rd 
foot. If water was not available in any 1 -foot increment, the amount 
from that increment was shifted equally to the other two increments. If 
water was available in only a single foot increment, all water use was 
from that foot. 
Daily computations were made, starting with the April date of sam-
pling and ending with the June date of sampling. 
RESULTS AND DISCUSSION 
The results of the procedure are shown in Figure 3, where the ob-
served June soil moisture is compared with that predicted in June, using 
the prediction technique with the April soil moisture as the starting point. 
The linear regression was 
Y = 0.43 + 0.92X, r = 0.98~~ (3~ 
The linear regression coefficient 0.92, differed from 1 .00 and 0.43 dif-
fered from 0 between the 5% and 1% levels of probability. The standard 
deviation from regression was 0.50 inches. Although the predicted value 
was not equal to the observed value at the different levels of soil mois-
ture, the relationship was very good. For the mean of all samples, the 
predicted value was equal to the observed value. 
The differences in the predicted soil moisture for each foot increment 
are summarized in Table 1 . 
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Figure 3. Comparison of observed and estimated soil moistur0 in Iowa. 
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Av. diff . 
(inches) 
Std. dev. 
of diff . 
(inches) 
Errors 
> 1 inch 
(%) 
Errors of 
z inch or le s s 
(%) 
0-1 -0.08 0.47 2.1 74.5 
1-2 +0.01 0.42 2.1 85.1 
2-3 +0.15 0.38 2.1 85.1 
3-4 -0.05 0.39 2.1 83.0 
4-5 -0.03 0.27 2.1 95.7 
0-5 ft. 
total 0. 0 0.50 4. 2 72.4 
The average error for each foot increment was very small. From 75 to 
95% of the predicted values were within 0. 5 inch of the observed value in 
the different foot increments. On 60% of the samples, the predicted value 
for a1L of the foot increments was within 0.5 inch of the observed value. 
SUMMARY 
Soil moisture in the top 5 feet of soil under oat fields in June was 
estimated using the April Iowa soil moisture survey data as a starting 
point. For each day, evapotranspiration and runoff Losses were esti-
mated. 
Up to the time of seedling emergence + 2 weeks, loss was estimated 
as 0.1 in. evaporation per day for as long as available moisture was 
present in the top 6 inches of soil. After this date, the rooting depth 
increased at the rate of 6 inches per week, and loss was by evapotrans-
piration. Evapotranspiration was estimated using Class A open-pan 
evaporation data as the measure of evaporation potential. Open-pan 
evaporation values were multiplied by 0.80 to get actual evapotranspira-
tion each day when no moisture stress was present. If a moisture stress 
was present, a moisture stress factor was used to obtain the evapotrans-
piration for the stress day. 
The correlation between the observed and predicted June soil moisture 
was 0.98. The linear regression was 
Y = 0.43 + 0.92X 
The standard deviation from regression was 0.50 inches. 
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BLACK AND WHITE CRAPPIES IN CLEAR LAKE, 1 950-1 9611
Richard A. NealZ
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. Catches of crappies in Clear Lake, Iowa, in-
dicated a shift in populations from one predominantly 
black, Pomoxis  nigromaculatus  (LeSueur) from 1948-
56, to one predominantly white, Pomoxis  annularis
Rafinesque, in 1961 . This shift appears to be asso-
ciated with increased turbidity and with decreased 
water levels. During this period the mean condition 
factors for white crappies have remained fairly con-
stant while those for black crappies have declined 
steadily. The growth rates of the two species, as in-
dicated by the Hite index, were negatively correlated, 
but, in neither species was the growth correlated with 
annual temperatures or water levels. Black crappies 
seem to inhabit inshore water more than white crappies. 
Year class strength did not show great variation, as 
is sometimes reported for crappies. 
INTRODUCTION 
Fishery investigations in Clear Lake, Iowa show a shift in the abun-
dance of the black crappie and the white crappie. In the 1940's the black 
crappie was the more abundant (Bailey and Harrison, 1945, Erickson, 
1962), but the white crappie was more abundant in 1960 (Neal, 1961). 
Clear Lake is a shallow eutrophic lake of 3, 643 acres in north-central 
Iowa (Bailey and Harrison, 1945, and Pearcy, 1953, give limnological 
descriptions). Creek census studies indicated that crappies made up 
approximately 28% of the fish taken by anglers in Clear Lake during the 
summer of 1961. 
1 Journal Paper No. J-4493 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1374 of the Iowa Cooper-
ative Fishery Research Unit sponsored by the Iowa State Conservation 
Commission and Iowa State University of Science and Technology, with 
the cooperation of the Bureau of Sport Fisheries and Wildlife, U.S. 
Department of Interior. This project was also aided by a grant from 
Sport Fishing Institute, Inc. , Washington, D.C. 
2 Now Research Assistant, Fisheries Research Institute, University of 
Washington, Seattle. This research was part of that completed for a 
Master of Science thesis in the Department of Zoology and Entomology, 
Iowa State University, Ames. 
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METHODS 
Collection Methods 
Gill nets were the main source of crappies over the entire period 
(Table 1). A trawl and an electric shocker were not used before 1959. 
Methods of capture used earlier but not in 1960-61 include large seines, 
fyke nets, wire traps, and angling. Most of the data in Table 1 refer 
only to crappies from which scales were collected. In most years scales 
were collected from all crappies examined, but, when many crappies 
were caught, scales were often taken from only a sample. Thus, the 
ratios of black to white crappies may not always be correct, but may be 
somewhat biased in favor of the Less abundant species since scales were 
usually collected from all of them. The 1961 data permit a comparison 
of total catch to the scale sample. 
The ratios of black to white crappies taken by various types of gear 
during 1961 were as follows: 
Experimental gill net 4:100 
Small seines 186:100 
Electric shocker 17:100 
Trawl 3:100 
Over-all total 6:100 
The shocker and seines took a higher percentage of the black crappies 
than was indicated by the combined catches. Experimental gill nets and 
the trawl appeared selective toward the white crappie. Hennemuth (1955 
also noted selectivity of gill nets for white crappies in Lake Ahquabi. He 
considered catches with wire traps, hoop nets and seines to be nonselec—
tive since these three methods took numerous crappies of both species in 
similar proportions, while gill nets took numerous white crappies but 
only an occasional black crappie. In Clear Lake, the small seines and 
the electric shocker were used primarily in water less than 3 feet deep. 
Gill nets were set in somewhat deeper water, usually near shore, and the 
trawl was used in the open areas of the lake. The small seine catches 
listed were of older fish taken while seining for young-of -the -year. The 
high ratio of black to white crappies in these catches was probably be-
cause of the fact that all seine hauls were made in shallow water. These 
ratios indicate that white crappies were more abundant in the open areas 
of the take while the black crappies prefer the shallow weedy areas. 
Tom Moen (personal communication indicates that a larger proportion of 
black crappies are taken in shallow water collections by the Iowa Lake 
Survey Crew of the Iowa Conservation Commission. 
Since a variety of methods have been used each year by the Fisheries 
Research Unit to sample the populations, the total catches are probably 
fairly representative of the actual populations. It is possible, however, 
that the use of the trawl in recent years has exaggerated the abundance 
of white crappies since the trawl seems to be selective toward white 
crappies. 
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Scale Reading and Growth Analysis 
All scales were read by making plastic impressions and examining 
them with a microprojector. As an index of the readability of the scales 
and the accuracy of the readings, scales were read following the proce-
dure outlined by Carlander (1961). First, a1L scales were read without 
reference to the lengths of the fish, and the readings were recorded on 
paper strips. Then all scales were read a second time without reference 
to the first reading or to the fish lengths. The readings which agreed 
were considered to be correct and were not reread. Scales on which 
readings did not agree were reread until a reading was obtained which 
agreed with some previous reading (Table 2). 
The first two readings agreed on 83% of the white crappies and 67% of 
the black. White crappie scales were read more easily than black crap-
pie scales partly because the white crappies were not as old and partly 
because the annuli on black crappie scales were crowded and indistinct. 
Dates of annulus formation were determined for crappies caught in 
1960 to aid in year class designation. White crappies taken on June 7, 
15 and 23 had not yet formed an annulus for that year. Annuli were being 
formed on white crappies taken on June 9, 14, 22, 24, Z5, Z7, Z9 and on 
July 7 and 19. Crappies with that year's annulus formed were taken from 
June 9 on. 
One black crappie taken on June 6 was forming an annulus. All other 
black crappies in 1960 were taken after June Z4, and annuli were already 
formed. In most cases the presence or absence of the present year's 
annulus could be recognized quite easily for both white and black crappies 
by the nearness of the last annulus to the edge of the scale. 
The date of annulus formation for white crappies may be quite variable 
in Illinois, ranging from May to July or later (Hansen, 1937). 
Growth rates were calculated from the scales using the standard 
methods described by Van Oosten (1929) and Hile (1941). Scale growth 
was assumed to be directly proportional to growth in Length after the 
scale was formed. Straight line regressions of total lengths of the fish 
on the scale measurements were calculated and the zero scale radius 
intercepts were used to compensate for growth before scale formation. 
The intercept used for white crappies was 1 . 6 inches and for black crap-
pies was 1.7 inches (Neal, 1961). 
POPULATION LEVELS 
Comparative Abundance of Black and White Crappies 
Bailey and Harrisdn (1945) listed the white crappie as "rare" and the 
black crappie as "abundant" in Clear Lake. They state that 20, 000 white 
crappies which were planted in Clear Lake between 1933 and 1939 appar-
ently did not reproduce. Erickson (1952) reported a ratio of five black 
to one white crappie in collections made at Clear Lake between 1941 and 
1950. The decline in the percentage of black crappies has been particu-
larly evident since 1956 (Fig. 1). Total catches of crappies using several 
types of gear were used in this comparison. Since the trawl seems to be 
selective toward white crappies, the data for 1959-1961, the only years 
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Table 2. Numbers of black and white crappie scales assigned to age groups 
on successive readings; A - assignment on first reading, B -
numbers which agreed Faith first reading when read second time, 
C - numbers in which third reading agreed with one of previous 
readings, D - numbers in which fourth reading agreed with one 
of previous readings, E - numbers in which fifth reading agreed 
with one of previous readings, F - numbers finally assigned to 
each age group 
0 I II III IV V VI VII VIII Total Percentage 
Black Crappie 
A 5 105 120 103 93 58 22 8 2 516 - 
B 4 87 105 59 48 35 2 3 2 345 66.9 
C 5 32 35 46 20 8 1 147. 28.5 
D 3 3 7 7 1 1 22 4.3 
E 1 1 2 .4 
F 4 92 140 97 101 63 12 5 2 516 
White Crappie 
A 0 63 105 91 29 11 2 301 
B 62 88 74 20 5 1 250 83.1 
C 3 6 21 13 4 1 48 15.9 
D 3 3 1.0 
F 65 94 95 33 12 2 301 
in which the trawl was used, may be somewhat biased compared with the 
other years. However, catches of black and white crappies per gill net 
hour also illustrate the shift in population (Table 3~. Between 1953 and 
1961 there was a steady increase in the catch per hour of white crappies 
and a decrease in the catch per hour of black crappies. Annual collec-
tions made with a 500-foot seine by the Lake Survey Crew of the Iowa 
State Conservation Commission further substantiate the increase in the 
percentage of white crappies (Table 4). 
Reproduction of white crappies was very poor until 1954 (Fig. 1~. 
Black crappie reproduction declined sharply after 1957 and was very 
poor in 1960 and 1961. Black crappies made up only 9.1% of the young -
of -the -year crappies taken in 1960 and only 4. 7% of those taken in 1961. 
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0% 
1948 
Number of Adults 160 
Number of Younq- — 
of-the-year. 
Percentage of crappies taken which were black crappies, Clear Lake, 
1948-1961 
1949 1950 19 51 1952 195 3 1954 1955 1956 1957 1958 1959 1960 1961 
130 75 94 118 85 119 37 247 65 861 1154 405 1610 
66 102 318 125 187 305 62 692 169 80 134 144 933 
Figure 1. Percentage of crappies which were black crappies, Clear 
Lake, 1948-1961. 
Year Class Strength 
In Figures 2 and 3 the proportion of the catch in each age group is 
represented by bar graphs for each year's collection. There is little 
evidence of dominant year classes, as is sometimes the case with crap-
pies (Bennett, 1944. The 1950 year class of black crappies and the 1957 
year class of white crappies appear to be strong, but neither was com-
pletely dominant. 
Bag seine catches during this period indicate that the reproduction of 
black crappies was above average in 1951, 1954 and 1956. The white 
crappie young-of -the -year catches were particularly large in 1956, 1960 
and 1961. The 1960 year class of white crappies was also very large in 
the 1961 collections. 
Population changes of other species of fish in Clear Lake during this 
period do not seem to be related to the crappie changes. 
GROWTH 
The mean total length at each annulus was calculated separately for 
each year class in each year's collection. From these data the incre-
ments of growth were calculated and combined into tables of over-all 
mean increments of growth for each year of life during each year (Tables 
5 and 6). The numbers in each age given in the lower half of the tables 
indicate the ages at which the fish of each year class were taken. Also, 
the mean calculated lengths of each age group at each annulus we re com-
bined (Tables 7 and 8~. The data on black crappies gives some indication 
of Lee's phenomenon (Table 7~, not in the first year of life, but in later 
years. The white crappies, however, do not show Lee's phenomenon. 
43Z RICHARD A. NEAL 
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Table 3. Catch per gill net hour of black an3 white crappies, bullheads, 
and carp in Clear Lake, zowa, 1947b1961 
Year 




Crappie Crappies Bullheads Carp 
1947 .017 .200 .421 
1948 - - .029 .058 .033 
1949 - .033 .017 ,033 
1950 .025 .558 ,017 
1951 .012 .396 .004 
1952 .096 .671 .012 
1953 .109 .001 .110 2.842 .021 
1954 .121 .002 .123 3.275 .030 
1955 .039 .033 .072 2.241 .004 
1955 .041 .023 .064 2.499 .017 
1957 ,027 .082 .109 2.115 .048 
1958 .026 .290 ,316 .923 .039 
1959 .008 .105 .113 .672 .016 
1960 .017 .164 .181 .308 .022 
1961 .011 .276 .287 .403 ,035 
1947-1952 data from Carlander (1953), 1953-1956 data from Ridenhour et a_1, 
(1956), 1957 -1959 data from McCann et al. (1959), 1960 data from Welker 
et al. (1960), 1961 data from Welker et al. (1961), 
Erickson (195Z~ atso found evidence of Lee's phenomenon in black crap-
pies. Why the black crappies exhibit this phenomenon while the white 
crappies do not is not known. (For a discussion of factors associated 
with Lee's phenomenon, see Hite, 1936. 
Comparison of the over-all mean increments for each year of life 
with the mean increments during given years gave a simple indication as 
to whether a given year's growth was above or below average. In general, 
there was not much consistency in the growth of fish at different ages in 
a given calendar year. Although evaluation of growth in the various 
calendar years is therefore probably rather crude, the system described 
by Hile (1941 was used. Hile indexes were calculated for both black and 
white crappies (Table 11~. Factors affecting annual growth rates of the 
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Table 4. Numbers of black and white crappies taken by the Iowa Lake 
Survey Crew, 1949-1961 
Year 
Adults Young-of -the-year 
Black White Black Waite 
1949 12 5 277 0 
1950 5 4 0 0 
1951 29 20 - 
1952 251 12 3847 ? 
1956 156 8 - 
1957 13 6 ? 230 
1958 7 10 3 15 
1959 4 24 0 99 
1960 6 81 2 206 
1961 4 117 0 52 
Data provided by Tom Moen, Fisheries Biologist, Iowa Conservation 
Commission. 
black and white crappies are seemingly somewhat different since the 
Hile indexes for the two species do not vary together. Hile indexes for 
white crappies were below average for the years 1948-1953 and above 
average for 1954-1960. Hile indexes for black crappies were above 
average during 1948-1950 but only average or below average, in general, 
from 1951 on. The correlation coefficient between the white crappie and 
the black crappie Hile indexes was negative (r = - .656) and significant 
at the 5% level (Table 11). In general, then, the periods of poor white 
crappie growth were periods of good black crappie growth and vice versa. 
No correlation could be demonstrated between mean air temperatures, 
April to October, and the annual growth of black or white crappies as 
indicated by the Hile indexes (Table 11), or between mean water levels 
and crappie growth. 
CONDITION FACTOR 
A condition factor, C, was calculated for each fish taken between 1951 
and 1961 on which length and weight were available. The formula used 
was: 
C = W x 105
(L)3 
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where W was weight in pounds and L was total length in inches. Condi-
tion factors of crappies less than 4.0 inches in length were not included 
since the weights were not considered to be accurate enough for this 
calculation. 
Mean condition factors were calculated for one -inch groups with the 
1960 and 1961 data. Since there was little change in mean condition 
factor with size (Table 9) and since the size ranges were quite similar 
in each year's collection (mean lengths in Tab Le 10), it was felt that all 
lengths could be combined for year to year camparisons. 
Mean white crappie condition factors varied little between the years 
and did not show any apparent trends (Table 10). The mean black crap-
pie condition factors showed a steady decline from 1951 to 1960. The 
black crappies showed above average condition factors; that is, they 
were heavier for their Length than white crappies. 
An increase in the mean condition factor of both black and white crap-
pies occurred between 1960 and 1961. An increase was also noted in the 
mean condition factor of the bullhead, Ictalurus melas (Rafinesque), 
between 1960 and 1961 (Neal and Hervey, 1961). These increases in 
condition factor may be related to an increase in the level of Clear Lake 
of approximately 8 inches which took place during the winter of 1960-61. 
Mean condition factors were also calculated for each week during the 
summers of 1960 and 1961 (Figs, 4 and 5). The white crappie condition 
factor dropped to a lowfor the summer from late June throughmid-July. 
Hansen (1951) noted a similar decline for mature white crappies during 
Late June and Juty. He states that this loss may be partly due to loss of 
weight from spawning, although other unknown factors must be involved 
since the loss of weight is more than can be accounted for simply by 
loss of gonad weight. This period is not a period of major increase in 
length for the white crappies, according to Hansen. 
Although the black crappie data were inconclusive, a similar decline 
in condition factor was indicated during Juty. 
HABITAT CHANGES 
The turbidity of Clear Lake has increased in recent years. Data col-
lected by the Fisheries Research Unit and the Iowa Lake Survey Crew 
indicate that a turbid period in 1948-1950 was followed by a quite clear 
period, 1951-1954; this, in turn, was followed by another turbid period, 
1956-1961 (Fig. 6). Although the values for the secchi disk readings 
were obtained from only one or two readings in several cases, it is felt 
that these data give a fairly good picture of the actual changes in turbid-
ity. The major shift in crappie populations occurred between 1956 and 
1957. White crappies were also more abundant before the clear period, 
1951-1954, then they were during the 1951-1954 period. 
Although carp, Cyprinus carpio Linnaeus, bullheads and boating have 
alt been suggested as contributing to the turbidity, there have been no 
drastic changes in any of these factors in the last ten years. The catches 
of bullheads were abundant between 1953 and 1957. This may have con-
tributed to the increase in turbidity between 1953 and 1956 but does not 
explain the greater clarity of water in 1951 and 1952. The catches of 
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438 RICHARD A. NEAL 
Table 7. Black crappies,•mean calculated total length in inches at 
each annulus, 1951-1961 data combined 
Age 
group Number 1 2 3 4 5 6 7 8 
I 97 3.10 
II 133 3.05 5.37 
III 103 2.85 5.40 7.09 
IV 108 3.07 5.02 6,79 7.80 
V 92 3.13 5.21 6.77 7.80 8,50 
VI 24 3.05 4,95 6,35 7.65 8.47 9.08 
VII 10 2.95 4.55 5.75 6.65 7.71 8.34 9.10 
VIII 3 2.87 3.97 5.53 6,60 7.70 8.17 8.70 9.33 
Table 8. White crappies, mean calculated total length in inches at each 
annulus, 1951-1961 data combined 
Age Annulus 
group Number 1 2 3 4 5 6 7 
I 93 3.16 
II 115 2.93 6.19 
III 163 2.81 5.96 7.48 
IV 63 2.76 5.81 7.62 8.48 
V 18 3.04 6.03 7.39 8.36 9.32 
VI 4 3.18 6.08 7.05 8.75 8.80 9.44 
VII 1 3.0 6.7 9.2 10.8 11.6 12.3 12.7 
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Table 9. Mean condition factors for inch-groups, 1960-1961 data 
Size range White crappie Black crappie 
No. C No. C 
4.0-4.9 180 46,4 12 54.6 
5.0-5.9 209 47.3 6 49.1 
6.0-6.9 149 47.2 10 49.0 
7.0-7.9 204 47.2 23 52.3 
8.0-8.9 109 47.1 39 51.4 
9.0-9.9 38 44.4 34 49.4 
10.0-10,9 3 40.4 1 43.0 
13.0-13.9 1 47.2 
Table 10. Mean condition factors for white and black crappies, 1951-1961 
Year White crappies Black crappies 
C No. Mean T.L. C No. Mean T.L. 
1951 51.2 34 8.33 58.1 57 8,26 
1952 57.1 115 6.06 
1953 59.2 65 7.63 
1954 56.0 78 8.01 
1955 47.4 9 6,07 57.3 18 7.63 
1956 48.4 15 7.81 53.8 25 7.60 
1957 44.0 34 6.11 53.5 12 7.56 
1959 46.0 38 7.52 51.2 8 8.39 
1960 45.7 340 6.27 48.9 58 8.12 
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Table 11. Temperature, transparency and water levels of Clear Lake, 
Hile growth indexes for black and white crappies and 
percentage of crappies that were black, 1948 to 1961 
Year 




Mean secchi Mean Percentage of 
disk reading water le~el crappies that 
in inches in feet were black B.C. W.C. 
1948 61.9 1.06 .84 19 4.06 68 
194y 61.9 1.09 .81 17 3.82 86 
1950 58.0 1.11 .87 18 3.91 69 
1951 58.1 1.00 - 58 5.03 63 
1952 60.1 .97 .94 36 4.95 100 
1953 60.8 1.03 .97 45 4.46 99 
1954 60.4 .92 1.18 26 4.49 97 
1955 63.4 .91 1.07 - 4.15 59 
1956 61.0 1.03 1.12 15 3.68 84 
1957 59.9 1.00 1.04 - 2.88 25 
1958 60.4 .97 1.08 23 2.59 52 
1959 61.2 1.10 1.04 23 1.73 46 
1960 61.2 1.00 1.08 23 2.18 14 
1961 59.3 - - 16 - 5 
Correlation coefficients: r 
Mean water levels with percentage black crappies .749** 
Black crappie catch gill net hour with mean secchi readings .664* 
Hile index, black crappies with Hile index, white crappies -.656* 
Mean secchi readings with mean water levels .527 
Mean secchi readings with percentage black crappies .289 
Mean water levels with Hile index, black crappies -.274 
Mean water levels with Hile index, white crappies -.272 
Mean air temperatures with Hile index, black crappies -.190 
Mean air temperatures with Hile index, white crappies .044 
1 
Average of high and low observed during the year (U.S. Geological Survey 
1958, 1959, 1960, 1961, 1962 and Iowa Geological Survey 1953, 1956). 
* 
Significant at the 5 per cent level. 
** 
Significant at the 1 per cent level. 
had remained fairly constant. The carp population appears to have been 
fairly constant since 1947 according to 'the gill net catches. However, 
since small numbers of carp are taken in the gill nets it is possible that 
the gill net catches do not accurately reflect carp population changes. 
Boating has increased over the period but is not believed to have changed 
enough to affect the turbidity. 
Another factor which may have a strong effect on the turbidity is the 
lake level. While the lake is low, wave action is in an area which was 
previously an area of sedimentation. These sediments tend to go into 
suspension readily. Clear Lake water levels (Fig. 7) follow a pattern 
similar to the graph of secchi disk readings; a peak in water levels in 





























~ r _ 






























~ W ~' 






a ~ ~ 
.~ 
z ' n m ~ U 
-a te
m 
I 1 I 1 I
I 1 
O O p ~ O O O 
tD ~ a. M 
O O N 
N — 
1334 NI S13~31 2i31dM Wf1WINIW ONb Wf1WIXVW 
.,~ 
H~t/18o3a3M 1VH1 S31dd112l~ llflat/ d0 39b1N3~2i3d ~ U o 
O 
W t0 p N O — ~~ N 
~ i ~ U ~ ~ 
~ ti  y .,..~ 
~ ~ >~ 
~ r 
..~ 
~ .Q 'b 
bA N ^' 
O 
~ ~ ~, 3 ~ 
~ U O 
x '~ ~~ 
b ~ ~ 
~ a '~ ~: 
~ ~ ~ °~° 
U] Fy ~ •~ 
~ U .~ ~ 
pp w U ~ 
cd O ~ ~ 
Q ~ ~ ~ ' y' 
f ~ UO Q~ .~ 
x ~ ~ ~ ~ 
- o 
_m ~ . _ ~ a .o a 
_ @ a ~ 
~p h ~ M N 
O 













i~ .:.. ~~~ 
.' 





























CRAPPIES IN CLEAR LAKE 443 
readings. The correlation coefficient of mean secchi disk readings with 
mean water levels was just below that needed for the 5°fo level of signifi-
cance (Table 11), 
Forney (1955) reports that aquatic vegetation was at a maximum in 
1945-1947. This was followed by a period of very sparse vegetation, 
1948-1950 and a period of moderately abundant vegetation, 1951 -1954. 
Parsons (1950) also mentions the period of sparse vegetation and notes 
that Potamogeton illinoensis and P. nodosus were observed washed in 
along shore with their roots intact, indicating that severe wave action or 
carp activity had uprooted them. 
The period of sparse vegetation, 1948-1950 corresponds with a period 
of high turbidity. Also the period of moderately abundant vegetation 
which followed is the period when the lake was the clearest, 1951-1954, 
Mean air temperature for April through October of the years 1948-
1961 are recorded in Table 11. Temperatures were recorded at the 
Mason City, Iowa, airport which is approximately 3 miles east of Clear 
Lake (U.S. Weather Bureau, 1935-1961). No trends in temperature were 
obvious, and the yearly variation did not appear to be related to black or 
white crappie abundance or growth. 
DISCUSSION 
-Mean water levels and the percentage of crappies that were black 
showed a correlation which was significant at the 1% level (Table 11). 
The water levels may be directly or indirectly responsible for the 
changes in crappie populations. Water levels have an important influ-
ence on turbidity and amount of higher vegetation present in a lake. 
Although turbidity and percentage of crappies that were black were 
not significantly correlated (r = 0. Z9), there is a good general relation-
ship between periods of clear water and black crappie abundance (Table 
11), Several authors have noted that white crappies are more tolerant 
of turbid waters than black crappies (Hubbs and Lagler, 1947; Harlan 
and Speaker, 1961). 
The white crappie populations in Clear Lake seem to replace the 
black crappies, in general, as the turbidity increases (Fig. 7). The catch 
of black and white crappies per gill net hour, the total annual catches of 
the Fisheries Research Unit and the catches of the Lake Servey Crew of 
the Iowa Conservation Commission all seem to follow a similar pattern. 
Bennett (1944) states that rough fish compete with centrarchids by caus-
ing turbidity which reduces the feeding ability of sight-feeding fish. If 
turbidity is an important factor in feeding ability, it is possible that one 
species could be more seriously affected than others by a change in tur-
bidity. The food habits of the two species seem to be similar in Clear 
Lake (Neal, 1961). 
Although no obvious differences in spawning habits of crappies have 
been noted, it is possible that turbidity may have some effect on the 
spawning success of one or both species of crappies. Bailey and Harri-
son (1945) noted that black crappies prefer waters with much vegetation. 
The submerged vegetation of a lake normally decreases as turbidity 
increases. Black crappies were usually taken nearer shore than white 
crappies, suggesting a relationship to vegetation. 
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A crowding effect brought about by the decrease in water levels be-
tween 1955 and 1959 may have had some effect on the crappie populations. 
Crowding may affect the physiological activities of animals and can cause 
a decrease in reproductive rates, according to Johnson (1945). 
Buchholz (1960) noted that Clear Lake yellow bass, Roccus mississip-
piensis (Jordan and Eigenmann), growth was poorer in 1952 and 1954-57 
than in previous years. He also found a steady decline in the condition 
of yellow bass from 1952 to 1958. Clear Lake black crappies showed a 
decline in condition factor and a period of below normal growth at about 
the same time as the yellow bass. During this period the white crappie 
condition factor remained constant and growth was good. 
During the summer of 1962, due to heavy rains, Clear Lake water 
levels rose so that water is again flowing over the outlet which is at the 
4.50 foot level on the water gauge. It will be interesting to see what 
changes occur in the crappie populations in the next few years. 
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YIELD AND SEED SIZE REDUCTION IN GRAIN SORGHUM INFESTED 
BY THE EUROPEAN CORN BORER (OSTRINIA NUBILALIS HBN.)1
R.E. Atkins2, G.R. Pesho 3 and F.F. Dicke 3
ABSTRACT. Reductions in grain yield and seed size at-
tributable to infestation by the European corn borer 
averaged 8. 0 and 5. 6%, respectivety, over a 2 -year 
period, when an average of 0.51 borer cavities per 
culm was attained. Maximum reductions observed were 
a 23. 3% Loss in yield and a 12. 1% depression in seed 
size in the infested plots of Double Dwarf Yeiiow Soon-
er Milo in the 1961 test. These reductions were ob-
tained with an infestation Ieve L of approximately 2 
borer cavities per culm. 
Severe infestations by the European corn borer (Ostrinia  nubilalis 
Hbn.) have been observed less frequently in grain sorghum than in corn. 
A much smaller acreage of sorghum in the areas where the corn borer 
is a prominent pest is a prime reason for the lower frequency of infes-
tation. Also, corn borer damage in sorghum is manifest almost entirely 
from second generation borer infestations (1, 2, 3), and the development 
and expression of damage must occur in a shorter period of time for 
sorghum as opposed to corn. Nevertheless, substantial infestations have 
been observed in some sorghum fields in years of high second generation 
moth populations, and the severity of infestation has been observed to 
vary among hybrids and varieties currently in production. The investi-
gations herein reported were undertaken to measure the extent of loss in 
grain yield and the reduction in seed size attributable to varying levels 
of development for second brood borer infestation in grain sorghums. 
Penny and Dicke (4) compared the yields of single -cross corn hybrids 
in plots where natural corn borer infestation was supplemented with 
additional corn borer eggs with yields from insecticide -treated plots. 
The difference in yield between the sprayed plots and the plots which 
received supplemental egg masses averaged 15.7 bushels per acre for 
crosses of susceptible x susceptible inbreds, 10.1 bushels per acre for 
the susceptible x resistant crosses, and 6. 1 bushels per acre for resis-
tant xresistant crosses. Expressed on a percentage basis, yield losses 
for the infested plots were 19.2%, 10. 7% and 6.4%, respectivety, for 
the 3 categories of single crosses. Yield losses usually were closely 
1 Journal Paper No.J-4503 of the IowaAgricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1 364. 
~ Professor of Farm Crops, Agronomy Department, Iowa State Univer-
sity of Science and Technology, Ames. 
s Entomologists, Entomology Research Division, Agriculturat Research 
Service, U.S. D.A. 
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related to the degree of leaf -feeding resistance of the hybrids. Dicke et
al. (1) classified a range of sorghum genotypes for resistance to second 
generation corn borer infestation, but estimates of the magnitude of loss 
in grain yield from corn borer infestation have not been published. 
EXPERIMENTAL PROCEDURE 
Four grain sorghum strains were chosen for the investigation on the 
basis of previous information (1~ on their relative resistance to second 
brood corn borer infestation. The hybrids Texas 611 and Texas 620 
exhibited Low Levels of infestation over a 3-year period, while the vari-
eties Redbine 60 and Double Dwarf Yellow Sooner Milo showed moderate 
and high Levels of infestation, respectively, during this period (Table 1). 
The four strains were compared in yield tests planted in late May at the 
Agronomy Farm, Ames, Iowa in 1960 and 1961. A split -plot design was 
used with sorghum strains as whole -plots, and the comparison of artifi-
ciaLty infested plots versus those not receiving artificial infestation was 
made from the split-plot segment. Six replicates were planted each 
year, but only five were harvested in 1961 because of poor stands in one 
replicate. Plots were single rows 25 feet in tength spaced 40 inches 
apart, with the central 15 feet harvested for yield determinations and 
infested with egg masses where designated. 
Egg masses near hatching were pinned through the midrib under the 
top leaves at the early to active pollen shedding stage as described by 
Dicke et al. (1). Three average sized egg masses (a total of about 60 
eggs per culm were pinned on all plants in each plot designated for in-
festation (about 50 to 60 plants per plot). Control of natural infestation 
through use of. an insecticide was not attempted in either year. However, 
plots not designated for borer infestations were separated from infested 
plots by 7 to 15 feet of intervening sorghum borders and~or alley space. 
Observations on the noninfested plots at the time infestation readings 
were made in 1960 showed that natural infestation in these plots was nil. 
In 1961, the noninfested plots exhibited a small amount of natural infes-
tation, which may have had an effect on the magnitude of differences in 
yield for the split -plot comparisons. Records on plant infestation were 
taken each year in Late October in accordance with the procedures out-
lined by Dicke e_t a1. (1 ~. Atypical head from an infested culm is shown 
in Figure 1 ~. 
RESULTS AND DISCUSSION 
Grain yield and 100-seed weight data for the 2-year test are sum-
marized in Table 1. A similar summary for the two criteria in terms 
of percent reduction in artificially infested plots compared with the plots 
which did not receive supplemental infestation is presented in Table 2. 
Analyses of variance of the data forboth criteria showed that differences 
among strains and the comparisons for artificially infested plots versus 
plots which did not receive supplemental infestation exceeded the 1°fo 
level of probability in both seasons. Statistical significance was not 
indicated for the interactions of infestation treatments with either strains 
or replicates. 
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Figure 1. Typical head breakage 
for grain sorghum infested with 
second generation corn borer. 
An average reduction in grain yield of 8. 0% and a seed size reduction 
of 5. 6°jo was obtained for the 2-year period, with infested plots averaging 
0.51 borer cavities per culm. Average reductions for both criteria 
were less than 5% for the 2-year period in the more resistant strains, 
Texas 611 and Texas 620. The highly susceptible variety, Double Dwarf 
Yellow Sooner Milo, showed an average reduction in yield of 14. 1°jo and a 
7.5°/o depression in seed size with supplemental borer infestation. In 
1961, when the infested plots of DDY Sooner Milo averaged nearly 2 
cavities per culm, a 23. 3% Loss in yield and a 12.1% seed size reduction 
was obtained. The peduncle area of infested plants was severely weak-
ened, and head breakage (Figure 1) was exhibited by nearly a1L plants. 
Exposure of these plants to high velocity winds likely would result in 
many dropped heads and considerably greater reduction in grain yield 
than was obtained in this study. Yield and seed size reductions in Red-
bine 60 were intermediate to those observed in the more resistant or 
susceptible strains. 
White the average reductions in yield and seed size for the 4 strains 
usually paralleled their relative resistance classification from previous 
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evaluations, certain variations from expected performance may be seen 
in Table 2. The application of egg masses over a period of time, and 
the varying environmental conditions both within and between seasons, 
undoubtedly are reflected to some extent in the results obtained. These 
sources of variation, however, are outside the realm of feasible control. 
An extended period of evaluation should provide more precise estimates 
of the magnitude of reductions in yield and seed size and a more refined 
classification of strains for relative resistance to borer infestation. 
SUMMARY 
Estimates of the reduction in grain yield and seed size attributable to 
infestation by the European corn borer (Ostrinia nubilalis Hbn.~ were 
obtained over a 2-year period with 4 grain sorghum strains. An average 
reduction in yield of 8. 0% and a 5.6°jo depression in seed size was ob-
tained for plots averaging 0.51 borer cavities per culm, in comparisons 
with plots which did not receive supplemental borer infestation. Average 
losses for both criteria usually were in agreement with previous classi-
fication of the sorghum strains for relative resistance to borer infesta-
tion. The maximum reductions observed were a 23. 3°ro loss in yield and 
a 12.1% depression in seed size for the highly susceptible variety DDY 
Sooner Mito in the 1961 tests. These reductions were attained in DDY 
Sooner Milo plots containing approximately 2 borer cavities per culm. 
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